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INTRODUCTION. 



I. The little work^ now offered to the public, is 
to be regarded in a two-fold point of view : — ^first, 
<as a Manual of Instruction for the use of operators 
.with the Blowpipe ; — BecondlVy as an Introduction 
.to the Science, and to the Written Systems, of Mi« 
t^ERALOGY, — ^in other words, as a wort and easy 
method of identifyii^ minerid species. 

That there existed a necessity for the publication 
of some such work as the present, I shall endeavour 
■to show in the subsequent paragraphs of this Intro- 
duction. I cannot flatter myself with having pro- 
duced exactly the thing which was required ; but I 
have done tne best I could to make the work a 
good one, and hope that, such as it is, it will be 
found useful. 

. While I trust that the inaccuracies to be found 
in it, are both few and unimportant, I may be per- 
mitted to observe, that the circumstances under 
which it has been composed, are such as entitle 
me to beg, that its faults may not be criticised over 
scrupulously. This is not, it must be remembered^ 
the work of a professional man, not the gift of a 
master of science to its votaries; but, the offering 
of a Student to his fellows, the result of hasty re» 
searches made when his commercial avocations pe»« 
mitted him so to occupy a spare hour. 

II. The Blowpipe is now in such esteem, both 
with artists and men of science, that little apology 
seems to be necessary for the publishing of a treatise, 
professing to exemplify its uses and to teach its ma- 
nipidation ; — ^more especially when it is considered. 
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that a general treatise on this instrument, explai 

ing the principles of its construction, the diversiti 

of its fonn> ipid the many purposes to which it 

applicable, does not exist in the English language 

So far as I am aware, there have been only ti 

works published in this country, written express 

on the blowpipe ; and both of tnese relate to jxtn 

cular varieties of the instrument. One of thei 

written by Dr Clarke, refers wholly to the gas bloi 

pipe; 'the other, by Professor Berzelius, as excl 

siyely regards the mouth blowpipe. The great ba 

of the information which has been given to tl 

world respecting the blowpipe, is contained in papc 

printed in various works upon other subjects ; ai 

IS, therefore, not to be got at without consideral 

trouble and difficulty. The Essays of Bergman ai 

EngestrSm, for example, were never pubHsned sep 

rately from the works in which they originu 

appeared, and which are now become scarce ; — tl 

instructions of Aikin are contained in his Manual 

Mineralogy, a book that has long been out of print 

— ^while the contributions of other writers towards 

knowledge of the blowpipe, are disseminated throng 

innumerable annals, encyclopoedias, memoirs, ai 

magazines. So that a person desirous of becomii 

acquainted with the general nature of this instn 

ment, could only obtain a tolerable stock of info 

mation, by gathering together and by reading a grei 

number of scarce, bulky, and expensive volume 

to the great waste both of time and of money .- 

Of course, this would not have been the casi 

had there existed a general treatise on the bloifi 

pipe. Here then was a desideratum. To suppl 

this, by collecting the scattered intelligence I hav 

spoken of, and condensing it into a useful fom 

was the object with which I set to work. Th 

instructions comprised in the following pages ai 

the result of the investigations undertaken wit 

this view. How fax my exertions have been crowi 
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ed with success^ I leave it for my readers to deter^ 
mine. 

The various blowpipes which I have desmbed, 
afford^ I believe, specimens of every usefiil kind that 
has been invented. Many accounts of blowpipes 
which I met with, I passed over without notice^ 
because they did not appear to me to present any 
thing nove} or valuable. The instructions respit- 
ing toe points of manipulation peculiar to each in- 
strument, I have been particularlv anxious to express 
clearly and distinctly, and hope I have succeeded in 
doing so. I have described all the fluxes and re- 
agents commonly made use of, and exhibited the 
peculiarities of each of them. The tabular views of 
phenomena presented by minerals, when exposed 
under different circumstances to the action of the 
blowpipe, will be found in practice, to be extremely 
usefm. In all cases, the facts stated in the early 
part of the work, receive ample illustration from the 
experiments recorded in the latter part. 

III. I shall now make a few observations as to 
the uses of this work, considered as an Introduction 
to Mineralogy. 

The first difficulty which the mineralogical stu^l 
dent has to encounter, is that of identinring the 
various minerals which are presented to his notice. 
This difficulty, the wealthy student, amply furnish- 
ed with specimens, and benefiting by the instruc- 
tions of a living teacher, may experience only in a 
trifling degree ; but to him who is destitute of those 
aids, — to &e solitary student, who, unaided by the 
advantages of personal instruction, or incapable of 
gaining access to a ticketed cabinet, depends for his 
success on his own industry and abilities, on the 
information derivable from books, and the examina- 
tion of the few minerals which now and then may 
be thrown into his possession by chance; to the 
student thus situated, it is a difficulty oC %ia<(^Ti!A%^ 

h 
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Ditade thai oomptratiTely few of those who heg 
the f tody of mineralogy are ever able to master it. 

Now, the olgect of toe present work, is to fumi 
the meant of overcoming this difficulty ; that is 
tav, to point out a method whereby the mineralo^ 
cal stocUnt may be easily enabled to discover t 
name, and the place in a system, of any mineral 'y^ 
may happen to meet with. I shall presently sh^^^ 
in what manner this is to be done ; but it is nec^^J^ 
sary preyiously to explain, how it is that the dij<:. 
ficidtv allodea to originates. 

Wnen an individual, commencing the study of 
minen^pgy, hasacouired the language of the science, 
by making himselt acquainted with the distinctive 
cnaracters of minerals, he is then able either to 
describe a mineral himself, or to understand the 
descriptions siven by others. He mav examine a 
specimen, ana write an account of its ngure, struc- 
ture, fracture, colour, lustre, transparency, and so 
forth ; and may point out the features wherein it 
agrees with any other substance with which he may 
choose to compare it If he has learnt the name of 
his specimen, ne can refer to the '^ System" which 
he may have adopted for his guide, and compare his 
own description with that of his author. But if its 
name is unknown to him, how is he to proceed then ? 
His ** System" at once becomes useless; as the most 
intimate acquaintance with the general characters of 
minerals, can scarcely direct the student to the name, 
or class, or genus, or a single species. So that he is 
disabled from comparing his own description with 
that of his author, and his progress is effectually put 
a stop to. This disheartening circumstance arises 
solely from our " Systems " or " Introductions " to 
Mineralogy consisting merely of consecutive descrip- 
tions of minerals, unconnected by any easily-perceiv- 
ed characteristics, and unaccompanied by any in- 
structions whereby the names of minerals may be 
come at That amid the many works of this de- 



INTRODUCTIOH. TO 



scription which have heen presented to the puhlic> 
there should he none in which the dassification is 
founded upon the properties or characters hj which 
the suhstapces jtreatea of are distinguished^ is to 
those acquainted with the kindred sciences of Botany 
and ^oology, a matter of no little surprise; because^ 
in the works relating to their respective sciences^ this 
very eonv^se of this holds true. Thus^ in Botany^ 
for example, all vegetables are distributed into 
twenty-four Classes, distingui^ed by the numbor, 

Sroportion, or situation of the stamina. The classes are 
ivided into Orders, taken from the number or difier- 
enoes oi the styles, thepencarp, the number, proportion 
and situation of the stamina^ or the disposition and 
<diaracter of the Jlorets. The orders are sub-divided 
into Genera, containing all those which agree in 
their ^sata o£ frtictification. . The genera are again 
branched into Species, consisting of every individual 
whose form and structure is invariable and perpetual. 
.*~By the help of a system such as this, the student 
who examines a plant, plucked at random from the 
road side, is directed with readiness to a knowledge 
of its name. He then applies to his ^' System,'' and 
learns the natural history of his specimen without 
the smallest waste of time. The success which 
attends his enquiries, urges him onwards in his 
pursuit, and he becomes enamoured of his study in 
proportion as he finds he is making progress. 

How different is the ease with the young mine- 
ralogist ! He may pick up a mineral, as the botanist 
does a plant; but all he can do is to write a descrip- 
tion of it himself: — ^unless somebody tells him the 
name of his specimen, he cannot refer to its natural 
history contained in mineralogical books. Let him 
.turn to whatever " Introductions" he may, he will 
.find ia all the same want of that compendious mode 
.of discovering the names of substances, unpossessed 
of which he never £an make any Drogreas in hia 
pursuit, unless indeed he be poflfteMftcLol%\K5nKs<i^5i^ 
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anoe which is exhibited bat rarely. Yet in th 
*' Introductions" to Mineralogy, there is no lack. „ 
Systems, tnch as they are. Tne r^ular paraph «>r- 
nalia of science^— -the classes, the orders, the genera, 
and the teoilies, — are to be found in every book; 
but (he mischief is, that these divisions and sub- 
divisions are either made without any explanation, 
are unaccompanied by characteristics, or are founded 
upon the results of (often inaccurate^ Chemical 
analysis. So that, in a practical point oi view, they 
are utterly valueless, since they are not capable of 
directing ue inquiring learner to the object of which 
he is in search. Their intricacies and contradictions 
••-whether they be mathematical or chemical classi- 
fications,r-«re such, that common sense cannot un- 
ravel them ; and the clue which they are intended 
to afford through the mazes and labyrinths of the 
mineralogical £)main, can neither oe found nor 
followed by any one who seeks for it. 

Taking the subject of the classification of minerals 
into serious omsideration, we arrive at conclusions 
something like the following : — ^There undoubtedly 
ought to be a mineralogical s}[stem formed with the 
utmost strictness of which science will admit; and 
in whidi every known mineral should have its ap- 
propriate place. If in the details of this system, 
facility of reference could be associated with accuracy 
of discrimination, the advantage would certainly be 
great ; but if it could not, convenience as a principle 
should be dinregarded. This is what is required by 
j^ilosophical precision, in a System or Classification 
intended to form the basis of the science. But, at 
the same time, we are told by experience, that, with 
this scientific system, there should be an artificial 
arrangement, constructed solely with regard to its 
conveniency; intended, as Berzelius says, " to rank 
after the proper system, as an index ranks after a 
book ; and aoaptea for Uiose who study mineralogy 
without the aanrtanoe of an experienced master and 
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BD ample collection^ and who are often obliged to 
enqidre the names of minerab with which they are 
unacquainted." — F<Hr the want of an arrangement of 
this kind^ capable of enabling the unassisted Ktudent 
to identify mineral species^ the works of the most 
eminent professors^ are, so far as he is concerned^ in 
a great measure unintelligible and useless ; — as the 
examination of a single system would be sufficient 
to demonstrate. 

But it is unnecessary to occupy the reader's time 
by critically attempting to prove a fact, of which, if 
he be a mmerak^cal stud!ent, he will probably be 
already but too well aware ; and indeed, it would be 
invidious to point out any particular work, as defec- 
tive and censureable in the respect alluded to. It 
is sufficient for the present purpose to remark, that 
although every mineraloglcal '^ System" contains an 
attempt at the formation of a pure philosophical 
classincation, scarcely a single work can be found 
in which the author has condescended to provide, 
for the convenience of students, an arrangement 
upon an artificial basis. The effects of this may 
be stated in a few words : — ^When a student is de- 
sirous of knowing the natural history of a mineral 
of which he has obtained a specimen but not learn- 
ed the name, his only plan of procedure is to toil 
through the volumes of his mineraloglcal guide, 
examining, as he OTOceeds, the characters of every 
species that meets his eye. He who has never thus 
toiled through the Eighteen Hundred Octavo pages 
of which Professor Jameson's System is composed, 
can form no idea of the drudgery of the business. 
Yet, this drudgery there is no avoiding : the student 
must go through it. Perchance his labour may be 
rewarded by tne discovery of the species he is in 
search of; but the greater probability is, that, after 
floundmng on a long time^ in doubt and uncer- 
tainty, he will at length become completely bewil- 
derea in camparing the diaracten bftf&fixX&^iOLVHcri 
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page with those which distinguish his specimen; 
and eyentually will he ohliged to giye up the task 
he has engu;ed in^ in utter despair. — If this is not 
enough to aamp the spirits of a student, to put an 
effectual stop to his progress, and to niake him turn 
from the pursuit in disgust, I do not know what is. 
When we call to mind the many difficulties of this 
sort which heset the student of mineralogy, the 
wonder is, not that so few persons learn the science, 
hut that it is ever learned by any one at alL 

The only mineralogical works in which any at- 
tempt has Deen made to supply the deficiency I have 
pointed out, are Aikin's Manual and Bakewell'a 
Introduction. The first of these works contains a 
synoptical table in which the principal minerals de- 
scribed in the book, are classed in groups, chiefly 
with a relation to their habitudes before the blow- 
pipe. The other work contains a tabular view of 
the most important earthy minerals, arranged ac- 
cording to their hardness and specific gravity. 

The Systematic Arrangement presented, in the 
following work, is founded upon a consolidation of 
the two plans above referred to. The outline thus 
obtained has been filled up by information drawn 
from a ^eat variety of sources, I have carefully 
inserted m its proper place every mineral which the 
student is likely to meet with, and have described 
its most important and characteristic properties. I 
have also been particular in giving the Synonymes of 
the minerals, that is to say, the names by which they 
are recognised by various authors ; so diat this wiU 
be a useful ac^unct to almost any English work on 
. the science. The great assistance towards the con- 
struction of an artificial system of mineralogy, derived 
from the numerous and accurate blowpipe experi- 
ments made of late by Berzelius, has enabled me to 
remove from the common-place descriptions of mi- 
nerals a number of very important errors ; and I 
tru8t> has contributed to render the synopsis which I 
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S resume to offer to the public^ more correct, and 
etter adapted to answer its intended purpose, than 
any thing of the kind that has yet been constructed. 
I by no means intend to insinuate, however, that the 
work is free from inaccuracies. It would be a won- 
der, indeed, if, amid so many thousands of facts a 
number of fictions were not lurking. But I hope 
that no gpreater portion of errors will be detected^ 
than might be expected to occur in a work neces- 
sarily attended witn many difficulties, and of which 
the writer is peculiarly liable to be deceived by er- 
roneous statements. 

I wish it to be clearly understood by the student, 
that the Systematic Arrangement here presented is 
merely intended to enable him to discover the Names 
by which minerals are known to the writers of Mi- 
neralogical Systems, which is the only thing that is 
wanting to render those systems intelligible and 
useful. It is by no means intended that this work 
should supply the place of a regular System : — on 
the contrary, it is designed to be an introduction 
and companion thereto. — ^But, at the same time, 
since it contains a comprehensive summary of the 
most Important characters of minerals, it may occa- 
sionally, especially by a traveling student, be made 
to supply the place ot a more bu&y production. 

Wnen the young mineralogist endeavours, with 
the aid of the following work, to learn the name of 
a mineral, his first business is to determine to which 
of the Classes it belongs. The Essential Characters 
of the Classes, described at paragraphs 389 — ^392, 
will enable him to do this with uttle difficulty or 
risk of error, — ^the greatest attention having been 
bestowed upon these characters to render them not 
only precise and accurate, but easy to be understood. 
When the Class of a mineral is aetermined, a very 
considerable progress is made towards the attainment 
of the ultimate object Were there no other divi- 
sions, the student would have merdy to com^^axe hia 
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mineral with those comprised in the same ClMa§, 
instead of having to run through all the minerals in 
the System. But there are farther divisions^ and 
divisions, too^ of which the characters are much 
more perfect than are the characters of the Classes. 
But to return. The Class heing determined^ the 
Order is next to he sought If the mineral helongs 
to the Comhustihle Class, its Order may he discovered 
hy the characters described at paragraph 397 ; if to 
the MetaUic Class, by those described at 414 ; if to 
the Earthy Class, by those at 548 ; if to the Saline 
Class, by those at 739. As was before mentioned, 
when the Class is determined, the determination of 
the Order will be effected with but little difficulty ; 
and when the Order is determined, the discrimina^ 
tion of the Genera and Families, where there are 
any, will be still less difficult In this Classifica- 
tion, every successive division is founded on charac- 
ters that are peculiar to the bodies which constitute 
it ; and these peculiar or distinctive characters, 
which constitute the basis of the arrangement, are 
placed at the beginning of the divisions that they 
relate to. Hence, the enquirer, examining them as 
he proceeds, is directed straight onwards to the ob- 
ject he is in search of, Hke the traveler who meets at 
every corner with signs to direct his course. 

It is unnecessary to occupy the reader's time, by 
extending these general observations. I shall only 
add, that I hope this humble attempt to smooth the 
path to Mineralogy will be received with candour, 
and that it will ne judged of with due allowance 
for the manifold difficulties by which the suljject is 
attended. 

Glasgow, Sept. 1st, 1837^ 
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HISTORY OF THE BLOWPIPE. . 

1. Thb Blowfife is an instrument by mean^'of ^ 
which the flame of a candle or lamp> can easily be cdttV 
verted into a species of fbrnace^ capable of commtmiU 
eating an intense beat to small bodies placed in 0x0 , 
flame^ and consequendy of being applied to many usC'C. . 
ful purposes. The operation consists in impelling 
from a small aperture^ against the flame^ a stream ot 
air moved with velocity^ by means of the organs of res- 
piration and the moutn^ or by a bellows. The blow- ' 
pipe is used in soldering^ bf the jeweller and gold- 
smithy and other artists who fabricate small objects 
of metal; by the glass-blower^ in making thermome- 
ters^ barometers, and other instruments and toys from 
glass; by the enameller; and in glass-pinching^ 
which is the art of forming glass in a mould fixed 
on a pair of pincers, into the ornamental pendants 
for giass-lustres. This latter is one of tne many 
ingenious processes carried on at Birmingham. It 
is also employed by a variety of other artists, as a 
convenient and powerful assistant. 

2. But, notwithstanding that this instrument was 
employed in the arts at a very remote period, it is 
only about a century since any one conceived the 
idea of applying it to experiments^ \w ^<ea&&Vr|* 
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The first philosopher who used this elegant appa- 
ratus foi- pyrognostic operations was Andreas Swab, 
a Swed^sn Metallurgbt, and Counsellor of the Col- 
lege o^ Mines, about the year 1738; at least, such 
is the information given to us by Bergman. Swab, 
however, left no work on the subject, and it is 
unkTiown to what extent his researches with this 
instrument were carried. We have therefore to de- 
ferA OH later experimenters for the knowledge which 
IS to direct our inexperience. 

^. After Swab, the nrstperson of eminence who used 
the blowpipe was Cronstedt, the founder of Mine- 
ralogy ; a man whose genius so outstripped the a^e in 
whicn he lived, that his contemporaries found his 
writings unintelligible. The purpose for which he 
employed it, was the discrimination of minerals by 
means of fusible reagents. His experiments were 
inducted with a degree of perfection that could only 
have resulted from the most persevering industry. 
He published in 1758 such results of his operations 
£s the nature of his mineralogical work required ; 
and it is to be lamented that the circumstances of the 
times in which he lived, were such as to prevent his 
- making fully known to the world this new applica- 
tion of the blowpipe, and describing in detail die 
processes which he had adopted so successfully. 

4. In 1 770, appeared an English translation or Cron- 
stedt's work, by Von Engestrom, annexed to which 
was a treatise on the blowpipe, wherein many of 
Cronstedt*s processes and their principal results, were 
described ver^ accurately. This production had the 
effect of drawing the attention of chemists and mine- 
ralogists to the use of this instrument: it made how- 
ever few adepts ; for, in matters of practical Science, 
books alonearebuf weakmasters." In Sweden only 
did the pyrognostic art make any considerable pro- 
gress ; mere, those who had seen Cronstedt and Von 
Engestrom at work, learned to work like them, and 
transmitted their skill to their successors. 
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5. The great Bergman soon outstripped all his pre- 
decessors. The blowpipe in his hands became one of 
the most valuable instruments of analytical research. 
He extended its use beyond the bounds of mineralogy, 
to the field of inorganic chemistry ; — applied it to such 
a diversity of purposes; conducted all nis operations 
with such tact; and brought out his results with 
such nicety ; as at once to demonstrate the vast ad- 
vantages capable of being derived from the use of the 
blowpipe, and his own unrivalled skill as an analy- 
tical chemist. His work De Tubo Ferruminatono, 
may be regarded as a masterpiece of philosophical 
investigation,-— equally simple and beautiful, accurate 
and profound. It was published at Vienna, in 1779, 
and Dr Cullen's translation of it, in London, in 1788. 
We subjoin from this work, a brief enumeration of 
the advantages of the blowpipe : — 

6. The fiowpipe is an instrument of extreme 
utility to chemists — since many experiments are daily 
neslected, either because they require large furnaces 
and cumbrous apparatus ; or, from the want of the 
time necessary to conduct them in the ordinary way ; 
or from the difficulty of obtaining the quantity of 
matter required for an experiment in the common 
way, when it happens to be very scarce or very dear. 
— In all these cases, the blowpipemay be used advan- 
tageously ; as, 1. Most of the experiments which can 
be performed in the large Way, may also be done with 
the blowpipe. 2. The experiments, which in the 
large way require many hours, may in this method 
be finished in a few minutes. 3. The smallest par- 
ticle of a substance is sufficient. 

7. These conveniences, however, though of great 
• weight and importance, are attended witn this de- 
fect, that they do not determine the proportions of 
the ingredients indicated. For this reason, when 
experiments can be performed on a large scale, that 

Elan is to be adoptea as the most accurate. But the 
rst inquiry to be made, is, generally, whai a. «^V 
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stance conUini^, not how much ; and the experience 
of many years has taught me^ that these trials in 
small quantities suggest the proper methods of in« 
stituting experiments in the lim way. Besides^ 
these experiments have some exclusiye advantaget 
over those performed in crucihles. — 1. We can see 
all the phenomena which occur from the beginning 
of a process to the end; and thereby gain imorma- 
tion which wonderfVdly illustrates the series of ope* 
rations and their causes. S. Experiments made in 
crucibles^ give often fallacious r^ults^ owing to the 
corrosion of the substance of the vessel : we sup- 
pose, for instance, that lime or magnesia melted 
with fixed alkali, are united with it in the way of 
solution ; but the globule, when well fused in the 
blowpipe spoon, permits us, by its trani^arency^ 
clearly to perceive, that, except tne tdliceous part. It 
is only mechanicaUy mixed. 3. The most mtense 
d^;ree of heat may in this way be obtained in a few 
minutes, which can scarcely he done in a crucible 
in many hours.— -It is needless to multiply commen* 
dations of the blowpipe : its valuable propjerties wfll 
be rapidly developed to those by whom it is employ- 
ed. — Sucn were the opinions of this philosopher 
with i^Ard to the utility of this little instrument. 

8. The continual application which Bergman be- 
stowed on his studies, had so great an effect on his 
health as to oblige him to continue his philosophical 
pursuits with the aid of an assistant. He accord- 
ingly employed Assessor Gahn, who performed un- 
der nis directions a series of operations on all the 
minerals then known, by whicn he was tausht in 
what manner each individual conducted itself before 
the blowpipe. The experience thus acquired, en- 
abled Gann to employ the instrument in every kind 
of chemical and mineralogical enquiry; by this 
means he attained so great a degree of sluU, as to be 
able to detect the presence of substances which had 
escaped the most careful analysis. Berzelius informs 
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US, that, long before the question was started, whe- 
ther the ashes of vegetables contain copper, he had 
seen Gahn many times extract, with tne blowpipe, 
from a quarter of a sheet of burnt paper, distinct 
particles of metallic copper. As Gahn was always 
accompanied by his blowpipe on his travels, and 
made continual use of it, he was led to contrive 
numerous improvements in the manner of using it; 
and his manipulations were imagined and executed 
with so much sagacity and precision, that his results 
were entitled to the greatest confidence. He seems 
never to have thought of publishing an account of his 
labours ; although he was always ready to instruct 
those who wished for information on the subject^ 
and although hy doing so he would have conferred 
upon the scientific world an undoubted obligation. 

9. The eleventh volume of the Annals of Philoso- 
phy, contains an article ** On the Blowpipe ; from a 
Treatise on the Blowpipe, by Assessor Gahn, of 
Fahlun." The greater part of this article is copied 
into Mr Children's Translation of the Fourth Vo- 
lume of Thenard's Chemistry, and into Dr Ure's 
Chemical Dictionary. These are the only sources^ 
at least in the English language, whence any in- 
formation can be derived respecting the services 
which Gahn's blowpipe has rendered to science. 

10. Berzelius was, for the last ten years of Gahn's 
life, his pupil and friend, and during the familiar 
intercourse of that period, gained from the latter a 
considerable portion of that knowledge, which was 

■the result of the experience of a long and active 
life. A short time previous to Gahn's death, Ber- 
zelius undertook an investigation, the object of 
which was to ascertain, and to note down in a sys- 
tematic manner, the phenomena presented by difrer- 
ent minerals when acted on by tne blowpipe. The 
results of this, Gahn, with his blowpipe in his 
hand> was to have examined, criticised| and cor« 
rected ; in order^ if possible, to get rid oi every ii^ 

A.2 
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accuracy. This fair project wu fhutratBd by Cridiii'« 
unexpected death. 

1 1. But^ Dotwithstanding this disappointmait, Bcr^ 
zelius proceeded with t& course of experiments 
which he had instituted ; purposing to supply tlie 
loss of the aid promised by his friend ana master, 
b^ a double portion of his own industry and san* 
city. That ne succeeded most oompletdy in tbt 
labour which he had taken in hand^ the treatist h* 
has published on the blowpipe is a sufficient demon- 
stration. He has finally established the hit, thai 
the blowpipe is, to the mineralogist, an instrument 
of indispensable utility ; and the volume wherein fais 
experiments are detailed, is one of the most useftd 
books on ]^ctical chemistry extant. The English 
mineralogist is much indebted to Mr Children, by 
whom a translation of Berzelius's work was pub- 
lished in 182!& 

19. All that has hitherto been said, refers to that 
description of blowpipe, whatever its form may be, 
through which air is impelled from the mouth. Bat 
when the blowpipe deservedl]r came to be consider- 
ed as an essential instrument in a chemical labora- 
tory, several attempts were made to fiEudlitate its lue, 
by the addition of bellows or other equivalent v^ 
struments, adapted to continue the supply of air, 
and at the same time to leave the operator at liber-* 
ty. Though these render it less portable, and con- 
sequently less useful for mineralogical researches, 
some of tnem are unquestionably well adapted for pap- 
ticular purposes : to pass them over, without noaoef 
would tnerefore be wrong. — Berzelius, it is true, con- 
demns these contrivances. '' By these pretoided 
improvements,** says he, ^^ motions, more or km 
troublesome, have been substituted for a sli^t exer- 
tion of the muscles of the cheeks ; and their mventora 
have demonstrated, by their very contrivances, that 
they did not know how to use me blowpipe : thiqr 
might as well have proposed to play on a wind inn 
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Btniment with a blidder. Oar condusion must be^ 
^t all appaiatas of this kind is perfecdr useksB." 
It is to be presumed^ from this passage, that Berze« 
Has is blessed with very good longs; and it is to be k* 
Biented that every ooe else has not as good as he. 
Doubtless, for general purposes, the mouth blow- 
pipe is, without exception, the best in existence ;— 
nevertheless, there are many uses for which its power 
if quite inefficient, and for which we require more 
effisctual aid. Certainly, then, we ought not to scorn 
what we are sometimee obliged to employ. 

13. Besides those compound blowpipes, the use of 
wbkh dq>ends upon noiechanioal aid^ others have 
been contrived which rest their claims to pre-emi- 
nence upon the advantages gained by employing 
gtues instead of common air* These are deserving 
of attentive consideration. They have higher aims 
than the aforementioned machines, and m several 
cases have been eminently successful. No sooner 
was oxygen gas discovered, than lAvoisier applied it 
to comtmstion in the manner, and with the success, 
stated in iSbe following passage, copied from the 
£nglish translation of his dements of Chemis« 
Cry : — ^' I endeavoured to employ oxy^n ^ for 
combustion, by filling large bladders with it, and 
making it pass through a tube capable of being diut 
by a sUm-cock ; and in this way I caused it to support 
the combustion of lighted charcoaL The intensity 
of the heat produced, even in mv first attempt, was 
so great as readily to melt a small quantity ot crude 
' platinum. To the saccess of this attempt is owing 
the idea of the easometerf which I substituted in« 
stead of the bladders ; and, as we can give the oxy- 
gen gas any necessary degree of pressure, we can 
with this instrument Keep up a considerable stream, 
and give it even a very considerable force." In a 
succeeding part of this work are ^ven the results of 
some expenments made by Lavoisier witii this Idowr 
pipe, in 1783. ^ 
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14. But oxygen is not the only gas capable of 
being used with the blowpipe ; as even gases which 
are said not to be supporters of combustion can be 
applied to that purpose. It is a curious fact, that 
pure hydrogen gas, when highly compressed, and 
propelled tmrougn a capillary tube, exhibits, during 
combustion, a very exalted temperature. We are 
informed by Dr Cuurke, that he succeeded in fusing 
platinum foil by its means, and that the combustion 
of iron wire by burning pure hydrogen gas in this 
manner, is an experiment always attended with sac- 
cess ! 

15. Immediately after the discovery of the compo- 
sition of water, the combustion of oxygen andhyoio- 
gen gases together were successfully applied to the 
purpose of exciting an intense degree of^ heat by the 
blowpipe. Thepeoiliar construction of the apparatus 
cannot be understood without a plate, which we have 
not thought it worth while to have engraved for this 
work, but which may be seen in the Annales de Chi^ 
mie, torn, xlv., or in the 1 4th volume of the Philo- 
sophical Magazine. It is sufficient to observe here, 
that the gases were expelled from separate gas- 
holders, and that, in order to provide against explo- 
sions, their mixture did not take place, till they near- 
ly reached the aperture of the pipe, at the extremity 
of which thev were inflamed. We give but a brief 
description oi this contrivancn, although it was one 
of considerable importance, because the employment 
of it was completely set aside hj the greatly-supe- 
rior invention of the Gas Blowpipe of & £. Clarke ; 
of the circumstances connected with the discovery 
of which, we are now about to speak. 

16. Sir Humphry Davy having declared that the 
explosion from mixed oxygen and hydrogen would 
not communicate through very small apertures, Mr 
Children proposed to him to employ Newman's 
blowpipe for effecting the combustion of a condensed 
mixture of oxygen ;ind hydrogen gases, issuing from 
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a small aperture. This Sir Hamphry did, and found 
that the flame produced a most intense heat^ which 
instantly fused hodies of a very refractory nature. 
Dr Clarke^ Professor of Mineralogy at Camhrid^e 
tJniyersity, haying consulted Sir Hiunphry on the 
subject, proceeded to eiroose a great yariety of mi- 
neral substances to the name, for the purpose of ob-i 
seryins its effects u^on each of them. The tube 
through which the mixture of the two gases issued, 
was cemented on the pipe of issue of Newman's 
bbwpipe. The tube at first used by Dr Clarke was 
three inches in length, and the diameter of its cayity 
the seyentieth part of an inch. The end of this 
tube was constantly breaking during the experi- 
ments, owing to the sudden changes of temperature, 
until at last he usually worked with a tube only one 
inch and three-eighths in length. When the current 
of gas was feeble, firom the gas in the reseryoir hay- 
ing become nearly of the same degree of density as 
the surrounding air, or from the current being sup- 
pressed in the beginning of an experiment^ the flame 
then had a retromde motion, passed about half an 
inch up the capiUary cayity of the tube, exploded, 
split the end of the tube into pieces, and then was ex- 
tinguished, without doing any farther damage. In or- 
der to try the efi^ts ef an explosion, four pints of a 
mixtureof the two gases were condensed into the chest, 
that quantity being aU the syringe would force into 
it ; and, the glass tube being taken ofi; so that the * 
diameter of the nose-pipe, by which the gas was to 
issue, was about one-eighth of an inch ; a burning 
spirit lamp was placed at the aperture ; when, the 
stop-cock oeing opened by means of a longistring at- 
tached to it, the whole gas exploded with a report 
like that of a cannon : the chest, formed of strong 
plates of copper, was burst asunder, the stop-cock was 
driyen out, and one end of the chest was torn ofi^ 
and yiolently thrown against the wall of the room. 
This showed the danger of using the a.^'^g«nX:Q&^^^(^ 
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too large an aperture^ and the necessity of employ- 
ing a capillary tube. 

17. It was not long after these experiments before 
Dr Clarke made the capital disooyery^ that to pro- 
duce the greatest efiect with this blowpipe^ it was 
necessary to mix the gases in the exact {^portion 
in which they combine to form water, namely, two 
volumes or measures of hydroeen to one of oxygen 
gas. The gases being obtained in a state of great 
purity, and mixed in the proportions here stated, 
occasioned a heat greater than that produced by the ' 
largest galvanic batteries. A great number of sub- 
stances ever before deemed infusible, were complete- 
ly melted by it ; and many of the phenomena pro- 
duced were equally curious and astonishing. 

18. ^^ But," says Mr Children, speaking of the 
effects of Dr Clarke's ox^-hydrogen blowpipe, " one 
essential character, the fusibility, or infusibility, of 
different substances, as determined by the common 
blowpipe disappears before the intense heat produ- 
duced by this, which levels all bodies to one general 
mass of fusible substances; though very evident 
differences are still observable in the facility with 
which different bodies are reduced to' the state of 
fusion. In return, too, for the character which is 
thus lost, we gain a new one in the appearance of the, 
otherwise inmsible body, after it has been melted." 

19. Numerous accidents which occurred to Dr 
> Clarke and others, by the explosion of the reservoir, 

some of which had nearly been attended with serious 
consequences, occasioned several attempts to be 
made at improving the apparatus. The most per- 
fect of these produced for some time, with respect 
to safety, was the trough sugsested b^ Mr Professor 
Cumming of Cambridge ; a description of which is 
given in a subsequent part of this work. With this 
improvement, Dr Clarke used the gas blowpipe at 
his daily lectures during a whole session, without 
the occurrence of any accident whatever ; establiiih- 
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ing thereby its safety and utility beyond all ques- 
tion. 

90. No farther alteration was made in the gas 
blowpipe till 1823, when Mr Goldsworthy Gumey, 
of the Surrey Institution, published an account of 
a new instrument invented by himself. This blow- 
pipe was so constructed, as to enable the operator to 
produce a flame of great siee, power, and brQliancy ; 
Dy burning larffe quantities of the mixed gases, with 
the vtmost s(ifety» A complete description of this 
apparatus being given elsewhere in this volume, it 
is unnecessary to enter into details here. 

21. As no mvention or discovery of any import- 
ance relating to the blowpipe, has been made of 
late, it is unnecessary to extend farther the bounds 
of its history, which we therefore now bring to a 
close. 



DESCRIPTION OF BLOWPIPES. 

S3. Blowpipes are of two kinds, simple and com- 
pound. — I. Simple blowpipes are those which con- 
sist merely of a tube through which air is blown 
from the mouth. — 2. Compound blowpipes consist 
primarily of a tube through which air is blown from 
jsome description of secondary apparatus attached to 
it. Of each of these two sorts of blowpipes, many 
different inventions have at various times been re- 
commended to public notice ; some of them valua- 
ble from their simplicity, cheapness, power, or con- 
venience ; others possessing a icind of merit which 
may be imagined from our describing the machines 
as exceedingly ingenious, expensive, and useless. 
From the great mass of Uiese inventions we have 
selected those whose good ^ualitieB are perceptible 
to other persons than the inventors ; and of these 
we shall subjoin such figures and desm^vQ»\w%)'^^^ 
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hope will enable the student to compr e hend their 

construction and relative advantages. 

Id— Of Simple Blowpipes. 

S3. It is necessary to jiremise, that, whatever ma§ 
be the FORM of a blowpipe, the length of it muU 
depend on the eye cf the operator^ The body opermm 
tea upon ought to Se at that distance from his eye of 
which he has the most distinct vision : of course^ 
therefore, the length of his blowpipe must be regtdaUd 
by the strength or weakness of his sight. 7ne moti 
common ler^hs, however, are frvm six to EIGHT 
inches. 

84. With refpect to the matkrial of which bhw* 
pipes should be made, there ia a great diversity of 
opinion. It must be of such a nature as to be easilj 
wrought into the form required^ and at the same 
time ought to be durable and cheap. — ^Berzelius says, 
'' blowpipes are best made of silver^ or tinned iron 
plate, me beaks only being of brass. If the in- 
strument be wholly of brass, it in time acquires the 
taste and odour of*^ verdigri8,-*an inconvenience not 
entnrely removed by making the mouth-piece of 
ivory. The hands, too, if not quite dry, contract 
the same odour during the operation, especially if 
the blowpipe has not been used for some time, and 
was not well cleaned before it was laid by. Tm 

Slate is not liable to this nuisance, and has, oesideSy 
le advantage of cheapness. When that material ia 
emxdoyed, the joinings should be made air tight by 
inserting pieces of paper between them. Notwith- 
BtancUng that silver is the best conductor of heat of 
all the metals, no inconvenience need be apprehend- 
ed on that score, even in tlie longest operatums. 

2& '* The small jets adapted to the extremity of the 

beaks are a great unprovement, for the extremity it 

liable soon to become covered with soot, and the 

AoJe to be either Uocked up, or lose its dreidar 
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form ; and it is necessary to clean it, and dear the 
opening with a small needle kept at hand for the 
purpose. This is an indispensable but troublesome 
operation. I have, therefore, had these jets made 
of platinum, each of a single piece, and when dirty 
I heat them red hot on a piece of charcoal, whicn 
cleans them in an instant, and clears the hole with- 
out the assistance of any mechanical agent. Silver 
would not answer the purpose, for although we were 
ever so careful not to fuse it in the operation, it 
would crystallize as it cooled after having been heat- 
ed to redness, and become as brittle as an unmallea^ 
ble metal. 

26. *' Glass blowpipes are certainly less costly, and 
less liable to get dirty than those made of metal ; 
but their brittlencss and the fusibility of their beaks 
are so serious inconveniences, that they should never 
be used but in cases of necessity." 

27. Children remarks upon these observations, 
that in this country the blowpipes are generally 
made of brass, and, when w^ lackered, do not an- 
noy the operator with the inconveniences of which 
Berzelius complains. The mouth-piece should be of 
silver, and the beak of platinum; were it not for the 
expense, the whole instrument were better made of 
platinum. 

28. Glass blowpipes have these advantages. — 1. It 
is easy to give them the requisite form, and to make 
the aperture smooth and roimd. 2. The material is 
cheap. 3. They can easily be made from glass tubes 
by any one who can use the blowpipe at all. To 
the operator who lives in a retired situation, where 
artists are not easy to be come at, these advantages 
recommend glass strongly. 

29. The Common Blowpipe. — In its best-known 
and most simple form, this mstrument is a conical 
tube or pipe, of brass or white iron, about eight 
inches long, and one-fourth of an inch in diameter 
at the top ; with a curvature near the lower end^ 

B 
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whence it tapers off to a pointy which has a very 
small perforation for the wind to escai>e. Fi^. Ij 
will render this description perfectl]^ intelliffihle* 
This is the original form of the blowpipe^ the shape 
which was adopted by the artists of old ; and it ia 
worthy of observation^ that, notwithstanding the 
innumerable alterations and improvements of it, 
which philosophers have thought expedient, the 
working goldsmiths and other artizans who cniefly 
employ the blowpipe, still prefer the old shape, and 
by aoing so, unquestionably show their good sense : 
it is the cheapest, the simplest, and the handiest ; 
and for short and common jobs, excels all others. 

30. CronstedVs Biowpive. — When Cronstedt be- 
gan to use the common blowpipe for chemical expe- 
riments, he was greatly annoy^by thecondensanon 
within the tube, of the vapour of the breath, which 
either impeded the blast, or was projected into the 
flame. To remedy this inconvenience, he placed 
towards the small end of the instrument, a hollow 
ball, intended to collect the condensed vapour. ThiB 
was of considerable service, but, did not efi^t a ra-i 
dical cure of the evil ; for, when the beak of the 
pipe happened to be held downwards, the water still 
ran out. Bergman, into whose hands this blowpipe 
came, found it necessary to get rid of defects which 
were a source of much inconvenience ; this led to 
another improvement. 

3 1 . Ber^gman's Description of his Blowpipe. — ^That 
which I use, (says he) is formed of pure silver, lest 
it should be injured by rust ; a small addition of 
platinum communicates the necessary hardness. It 
consists of three parts. A handle, ne. 8., termina- 
ting in a truncated conical apex a, which may be^ 
by twisting, so adapted to the aperture b, fig. 3, as 
to shut it more closely than can he done by a screw. 
To collect the condensed moisture of the oreath, I 
make use of the little box, fig. S, 4, formed of an 
elliptical plate^ so brat at tihe centre ihat the oppo- 
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site sides become parallel^ and are joined together 
by a plate^ as represented at c, fig. 3^ and c o, fig. 4: 
such a box has an advantage over a spherical one, 
inasmuch as it occupies less space, and is more con- 
venient in use. The aperture b, which ia somewhat 
conical, and hollowed out of the solid piece, has no 
margin turned inwards, lest the efflux of the fluid, 
collected after long blowing, or the cleansing of the 
internal parts, should be in any d^ree prevented. 
The tube, fig. 5, is very small, and its shorter coni- 
cal end e exactly fitted to the aperture /^ so that no 
air can escape, unless through the orince £*. Manv 
of these tubes should be providedi with orifices of di^• 
ferent diameters, to be used on difierent occasions. 
Thfi orifice g must be truly circular and very smooth. 
Otherwise the flame which will beproduced by it, will 
not be of the requisite shape. Tne bands, n on fig. 
9, and t on fig. $, prevent the conical apices a and e 
from being t&ust too far into their receptacles ; they 
also serve another purpose : when the apices, by re- 
peated attrition, become too small to fit the cavities 
intended to hold them, they are acain rendered tight 
by filing away a little of tne bands. 

3^ Magellan's Blowpipe,-^Fif, 6, is a represen- 
tation of Cronstedt*8 blow|)ipe, with an improvement 
of which a description is given in Magellan's edition 
of Cronstedt*s Mineralog^r, published in 1788. For 
this improvement, Mr Chilcu'en believes we are in- 
debted to Mr Pepys : it may be so ; but, from the 
jabove circumstance, I am inclined to think other- 
wise, a and c are the two pieces that form the blow- 
pii>e. The ball b, is hollow, and formed of two he- 
mispheres which screw together : the male screw is 
in tne lower hemiiphere, which is scddered on the 
part c at such a distance, that the inside end of the 
crooked tube is even with the edge of the hemis- 
phere, as represented by the dotted lines. The up- 
per hemisphere is sddered at the end of the straignt 
tnfae a. By these means, the moUtoxe i^roi^ Xs^ 
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the breathy falls into the hollow of the lower hemis- 
phere, where it is collected round the upper inside 
end of the bent part c, without being apt to fall into 
it. 

33. The small nozzles, or hollow conical tubes, ad- 
vised by Engestrom, Bergman, and others, says Ma- 
gellan, are wrong in the principle ; because the wind 
that passes from the mouth through such long cones, 
loses its velocity, by the latteral iriction, as happens 
in hydraulic spouts, which, when formed in this 
manner, never throw the fluid so far, as when the 
fluid ];)asscs through a hole of the same diameter 
made in a thin plate of a little metallic cap that 
screws at the ena of the large pipe. It is on this 
account that the little cap c is employed, haying a 
small hole in the thin plate, which serves as a cover 
to it. There are several of these little caps, with 
holes of smaller and larger sizes, to be changed and 
applied, whenever a flame is required to be more or 
less strong. 

34. Another convenience of these little caps is, 
that even in case any moisture should escape fallinff 
into the hemisphere b, and pass with the wind 
through the crooked pipe c, it can never arrive at, 
nor obstruct, the little nole of the cap d, there being 
room enough under the hole in the inside^ where 
this moisture is stopped,' to retain it till it is cleaned 
and wiped out. 

35. Whatever merits may be possessed by the 
other blowpipes described in this work, it is certain 
that this one has remained till the present time a 
very general public favourite. 

36. Gahn\s Blowpipe, — Although Bergman's im- 

Erovement of the blowpipe effected the object he 
ad in view, yet Gahn found the instrument capable 
of being stUl further improved. He gave to his 
receiver the form of a cylinder, certainly a more 
convenient shape than Bcrgman^s — the dimensions 
of which were, one inch in length and half an indi 
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in 41aiiMtfir. In other respects his instrument was 
tm the ]^aji of Bergman's, and consisted of four 
pieces^ a, b, c, d, fig. 7. The little jet, d, is fitted 
By grinding to the extremity of the heak c : there are 
several of these jets with holes of different diame^ 
iers, to be dianged as occasion requires. For some 
purposes^ sudi as the blowing of glass^ and other 
<^erations^ the bent beak, fig. 8^ is pr^erable to the 
straight one c, fig. 7. Berzelius declares this blow- 
pipe to be pr^rable to all others. 

S7. Tennant's Blowpipe. — This, which is repre* 
sented by fig. 12, lays claim to public favour on the 
^Qund of its portability. It is a straight tube, 
fllig^y conical, closed at its narrow end b, at half 
an inch from which is an opening to receive the 
amall bent tube d, which is ntted in by grinding, 
and can be turned in any direction required. As 
the water condensed £rom the breath flows to the 
point b and does no harm ; and as the instrument is 
very portaUe, very simple, and capable of afibrding 
a powerful blast; it appears* to combine almost every 
advantage that can be wished for in a blowpipe. 

38. WoUasion's JSiowfnpe — ^is «tLll more portable 
than the precedi^ Fig. 9, 10, 11, show its ibisn, 
the number of pieces of which it is cconpoe^ and 
ihe manner of putting the parts together, whe^er 
for use or for traveling, a, b, c« i^. 11, represent 
the three pieces put together fw use. The point of 
i is dosed, but a little way from it, on the side of 
die tube, diere is a small opemng, as seen at b, fig. 
9, which emits the air mto the b^k o> fig. 11, when 
that is brought into its proper situation on the tube. 
Fig. 10, represents this blowpipe, which exceeds all 
others for portability, packed up into the space of a 
toothpick or pencil case, for traveling. If we add 
to this, a shp of platinum foil, two or three inches 
dong, to hola the d^ect.of experiment to the flame, 
•and a smaU piece of boEUC to serve as a flux, we ane 
j^ml'^bpd at once wtth a sufficient labaratoiy fix a 

B 2 
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f^rcat variety of experiments ;— for the cmdle and 
charcoal may be found in most places. He who may 
deem this docimastic apparatus not sufficiently com- 
modious, can enlarge it at pleasure, by adding to it 
any of the instruments described her^ifter. 

39. Pepys Blowpipe. — In this, the contrivance for 
containing the condensed vapour, is a flat cylindrical 
box, nvhicn is also made to answer the purpose of 
holding additional caps for the nozzle. ^jPjg* 13^ is 
a representation of this blowpipe, which in JJt Hen- 
ry's Elements of Chemistry, is designated as *' a 
most commodious** one. 

40. Dr Black's Blowpipe. — Figure 14, is of tin, 
that is to say, of tinned iron ; the small pipe a, is of 
brass, and nas two or three caps that nt on tight; 
each cap is pierced with a hole of a different dia- 
meter, and consequently the force of the blast may 
be varied at pleasure, by changing the cap. 

2. Of Compound Blowpipes. 

41. Having given a description of the bestdmnle 
blowpipes, we snail now do the same for a few of the 
multifarious machines which may be termed pom- 
pound blowpipes. 

42. TTie Fixed Blowpipe. — *^De Saussure/' says 
Berzelius, ''fixed his blowpipe to a table, so as to 
have his hands at liberty, while he r^ulated the 
blast by his mouth. I know no case in which 
much advantage is derived from this plan.*' Mr 
Children subscribes to the opinion that tnese contri- 
vances are useless, and adds, " the skilful workman 
needs no such aids, and the operator with the blow- 
pipe will do well to render himself independent of 
them at once. However, as in a few cases, where an 
unusually large flame is required, a fixed instrument 
may be useful, I annex a figure of the best form 
I have met with, for a blowpipe on that construe* 
tion. I do not know who is the author of the inven- 
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tion. a fi^. S6^ 18 a rectangular copper box, 2| inches 
long, one inch high, and five-eightns of an incn wide; 
which is fixed on a board by screws passing through 
a foot plate b. c is a tube projecting from me top of 
the box, to which one end of a flexible tube may be 
adapted by a brass socket. The flexible tube is ter- 
minated at the other end by an ivory mouth-piece, 
and is of such a length as to be conveniently applied 
to the month of the operator, d is another project- 
ing tube to which the beak f g, may be adapted ; 
and « is a third projecting tube (closed with a cork) 
for the purpose of pouring off the water condensed 
in the box, a. By twisting the diflerent parts of 
the beak in different directions, the jet may be pre- 
sented to the flame in any position which may be 
required. All the parts tnat have motion are well 
fitted together by grinding, /and g may be made 
either of metal or glass.*" 

43. Hookers Self-€u:ting Blowpipe. — M. Pictet 
conceived the ingenious idea of makmg the eolipile 
serve the purpose of a blowpipe. The efi*ect was in- 
tended to be produced by the vapour of boiling alco- 
hol. Mr Hooke contrived the apparatus represented 
by figure 30. A, a hollow copper sphere, two or three 
inches in diameter, for containing highly-rectified 
alcohol; this sphere rests on a shoulder in the rins 
^. A bent tube, b, with a jet at the end is screwed 
mto the sphere for conveying alcohol in the gaseous 
state to the flame at o. This tube is continued with- 
in the sphere almost to the top, so that the vessel 
may be nearly filled with alcohoL At the top of 
the sphere there is a safety valve, c, to prevent those 
accidents, which might otnerwise arise from the ex- 
pansion oi the fluid, in case the heat applied were 
too great. The pressure of this valve may be regu- 
lated at pleasure, hj the two milled nuts, e, f, and 
the steel arm h, which presses on the valve c' The 
lamp which heats the alcohol is marked k. It is 
macb to ac^ust to diflerent distances from the 8vihece> 
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A, by sliding up or down between Uie twopilkny /, 
/. The distance of the flame o, from the Jet of tbe 
tube, is regulated by the piece m, which by meuM of 
a screw, gives the wick-holder of the lamp an eccen- 
tric motion, so as to carry it from the centre. The 
opening for filling the globe with alcohol is marked 
t : it is secured by means of a milled finger-butlOB, 
and a collar of leather, n is a mahogany stand sap« 
porting the whole, z is a jet of the yapour of aloe- 
nol inflamed by the lamp. It is needless to do more 
than merely describe this blowpipe, since in reaUty 
it is much more ingenious than usefuL It waa pro- 
posed to apply it to the purposes of the minerakgiBt ; 
but it does not appear to be either so readily put in 
action, or so efficacious as the common hbwpijpe; 
which is also simpler in its constructioD, less milcj^ 
and more easily carried about Moreover, the flame 
of the vapour of alcohol, is far less steady and eqvm- 
ble than that ur^d by a current of air ; so that upon 
the whole the spirit blowpipe can only be xegardea as 
a pretty philosophical toy. 

44. Mr Nicholson, in the ninth number of hiaJouv 
nal,mentions a littleimplement,oreolipile,8oldbythe 
glass-blowers, and acting on the same principle. It 
consists of an egg-shaped ball, having a stem or hut- 
die, and a nozzle or tube. When nalf-fllled with 
water or spirit, a strong current is produced, with 
which, blown through the large flame of a tallow 
lamp, Mr N. fused a half-penny, and s^tened the 
^lass stopper of a bottle, so as to run a wire through 
It without bursting the vessel. 

45. Glass-Blowers* Blowpipe. — ^When it Isrequired 
to continue the use of the olowpipe so long as woold 
be fatiguing if the breath merely were employed, 
the glass-blowers' table is employed. It consists ef 
a double bellows, so fixed as to be worked by the 
foot, and to impel a current of air through a tin blow- 
pipe, against the flame of a lamp fixed on Uie table. 
Jror the sake of durability^ the blowpipe is •Q*in<>*winfif 
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made of brass on which is screwed a nozzle of plati- 
num. The blowpipe may have a stop-oock to r^u- 
late the blast. Tne lamp has a cotton wick of nearly 
an inch in thickness ; this is kept together by a tin 
wick-holder, which is soldered to the lamp ; melted 
tallow fills the lamp, and feeds the wick with fuel. 
In order to get rid of the smoke, which is in consider- 
able quantity, there is placed on the table, over the 
lamp and nozzle, a cover of thin sheet copper. The 
fore part of this cover is open, to allow the jet o£ 
flame to pass freely. From the top part two tubes 
go upwards for the exit of the smoke ; between these, 
the operator has a view of the jet of flame and 
the object he is at work upon, while his eyes are 
screened from the body of tne light. The two tubes 
join above in one short tube. Over the open end of 
this short tube, at a small distance above, is a tube 
suspended from the ceiling by wires, which conveys 
the smoke into the chunney oi the room. By a han- 
dle attached to it, the cover with its tubes is removed 
whenever it is necessary to trim the wick. The 
flame of coal gas may be used instead of a lamp with 
a bellows of mis kind. — The whole of this apparatus 
— ^the table, bellows, blowpipe, and lamp— is repre- 
sented by figure 27. The dotted lines at the top of 
the figure represent the cover. 

46. T*Uley*8 Hydro^Frycumatic Blowpipe. — ^The 
inventor of this machine, who was a travehng fancy 
glass-blower, was rewarder by the Society of Arts, 
with the sum of fifteen Guineas. The following 
description is taken from the 31st vol. of the Tran- 
sactions of. that Society. The inventor states the 
whole apparatus, incluoing lamp and case, to weigh 
onlv three pounds and a half, and that it can be fur- 
nisned complete, even when made of tinned copper, 
for £2 128. 6d. Were it made of tinplate, (wnite 
iron), japanned, it would be cheaper. 

47. '' The utility of the blowpipe, in the arts, to 
raise a great heat on a small object, from the flaxnfi 
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of a lamp, is too well known to require pointing 
out The assaying of minerala, the arts of enamel- 
ling, lewellery, soldering metal works, hut ahove all 
the hlowlng of small articles in glass, are purposes 
to which it is hetter adapted, than almost any other 
mode of applying heat. The usual manner of pro* 
dudng a stream of air for hlowing glass, is, bj 
means of a small pair of double bellows> fixed bc^ 
neath a table, and worked by the operator's foot ; a 
pipe proceeds from these bellows to the top a£ tha 
table, and terminates in a small jet, before which a 
lamp is placed, and the flame is blown, by the cur* 
rent of air, upon the object to be heated. The de« 
fects of the bellows are, that the stream of air ia 
not perfectly regular, which causes a wavering of 
the name, so that it does not £dl suddenly upon the 
object which is to be heated. Mr Tilley's biowmjpe 
corrects these defects, by using the pressure ot a 
column of water to r^nilate the stream of air, and 
the supply is tonished from the mouth of the ope« 
rator, by blowing through a tube. — Fig. 15, is a sec- 
tion of this instrument ; and fig. 16, shows a peiw 
spectiye view of it in action. A A, is a vessel of 
tinned iron, or copper, about 17 inches high, 5 wide, 
and 9 broad; the lid of which opens on hinges, and 
supports the lamp, B, which bums tallow instoid of 
oil. C is the blowing-pipe, by which the air is 
thrown into the vessel ; tnis, as shown in the se&< 
tion, fig. 15, has an inclined mrtition, J), which di-* 
vides it into two chambers, £ and F ; but, as the 
partition does not reach to the bottom of the vessel, 
the two compartments communicate with each other 
underneath it : that marked F, is closed at the to|^ 
so as to be air-tight ; but the other is only covered 
by the lid of the vessel, and may therefore be eon* 
sidcred as being open to the outward air. The pipe 
C, is soldered air-tight, where it passes through toe 
top of the chamber, and descends very nearly to the 
bouom of the vessel, deeper than the partitioD, D, 
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; BO that its mouth is always immersed beneath 
crater. The metallic part of the blowpipe, 6, 
!h conveys the blast of air to the flame of the 
ly is likewise soldered into the top of the cham- 
F ; it holds a bent glass tube, a, which termi- 
I in a very small and delicate jet, and is fitted 
ij^t into the tin or conper tube, G. Now, by 
ing into the tube, C, tneair is forced out at the 
Mn of it, and rises in bubbles through the water 
Uie Trpget part of the chamber, F; this dis- 
« a corresponding quantity of water, whidi 
• under the partition, D, into the other cham« 
B, elevating the surface of the one column of 
r, and depressing the other, as shown in the 
t ; the water endeavooiing to return to its ori- 
level, csauses a constant oom^ressnre of the air 
Swees it throng the jet, a, into the flame of 
imp. By this means, it is not necessary to 
constantly with the mouth ; for, though the 
I forced into the receiver at intervals, yet the 
ure of the water will e&pel it in a constant 
m ; and the operator will not be fatigued by 
nonon of the foot, necessary in working bel« 
; nor need even to keep his mouth at the pipe 
antiy, but merely to blow from time to time, 
8 finds the stream of air to decrease in its 
r. A, must be three parts filled with water. 
** The metal socket, G, which connects the glass 
or blowpipe, a, with the vessel A, is made co- 
; and the tube, having a piece of paper first 
ped round it, is bound round with cotton wick- 
in a conical form, so as to fit the socket ti^ht, 
et permit the tube to be moved in any required 
ion, to cause the air to act properly upon the 
: and the curved metal tube, C, is also fixed 
ne otiberpart of the same tube, in a similar 
ler. H H are the two sides of a tin frame, 
1 is fixed in hoat d the vesseis; and has 
ei witkinside of them, to receive & tuDL^\ftiut«V 
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which forms a screen ; and can be acljusted in height, 
so as to keen the liffht of the lamp mrni the operas 
tor's eye ; tnough he can sec the work over the top 
of it: this screen is held fast^ by its foot being 
placed between the lid of the vessel and the top of 
the close chamber, F. — K is one of two banules, 
which support the operator's arms, whilst holding a 
glass tube, or any otner article, in -the flame ; and 
there is another like it, at the opposite side q£ the 
vessel : these handles are wrapped round with wool- 
len list, or leather, so as to form cushions ; and the 
vessel is steadily fixed upon a chair or bench, by 
means of a leather strap, buckled to the loops on 
each side of it, and passing underneath thei^fur. 

49. '' The lamp is made of tin ; it is of an ellipti- 
cal, or rather, of a bean, or kidney shape, one side 
being curved inwards ; across the centre of it, staiub 
a metal wick-holder ; having a loop on one aide of 
it, which is solder^ to the bottom of the lamp; 
see fig. 17. Through this loop, the wick, of cotton- 
yam, is drawn; and being cut, and then opened 
both ways, as shown in that figure and in- m. 18, 
forms a passage in its middle, through which the 
current of air froip the let, a, passes ; as in fig. 15, 
16, 18 ; and carries the long pointed flame upon the 
object to be heated. The lamp, figs. 17, 18, is fill- 
ed with tallow ; which, melting by the heat, becomes 
fiuid, and bums as well as oil, out with a less oflfen- 
sivc smell ; and, when cold, being solid, is more 
conveniently carried than oil. This lamp is placed 
within another vessel or stand, marked B, in ng. 15, 
16, 18, which supports it at a proper height ; a spaoe 
being left between them, all round the htmp, to re- 
ceive any tallow which may run over its edge. 

60. '< In utinff this blowpipe, tfte JbHowinff oltervationi 
being attended to, wiU greatly increase its effect. The long, 
flat, cotton wick of the lamp, will be found to act better 
than the usual round cotton-wick : but, in either case, the 
Same which if raised wiU be oonsiaerable. The end of the 
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gliiss pipe or jet, a, must be just entered within the flame, 
and the current of air will throw out a cone of flame from 
the opposite side. If it b properly managed, this cone will 
be disunct, and well defined, and extended to a consider- 
able length. Care must be taken, that the stream of air 
does not strike ag^nst any part of the wick, m it would 
then be disturbed, and the cone split into several parts. ( A 
wire pointed at its end, and bent, as shown at tig. 19, 'is 
very convenient to smooth the air passage through the wica) x 
the jet of air must be delivered somewhat above the wick ; 
and as, unless the flame was considerable, there would not 
be suflicient for the stream of air to act upon, for this rea^ 
son the wick is opened, as shown in fig. 17, that it may ex- 
pose the largest surface, and produce the ^^reatest -dampe; 
the stream of air from the pipe should be directed through 
the channel or opening between the divided wick, so as to 
produce a cone tine most perfect and brilliant. On examin- 
ing this cone of flame, it appears to be of two different co- 
lours, the part nearest to the lamp being of a yellowish 
white, and that beyond, of a blue or purple colour. 

51. ^^ The subject to be heated, is held m the flame, at the • 
termination of tne yellovrish-white part, where it receives 
the greatest heat, and is not discoloured by the soot, which 
acoomi>anies the white flame. 

62. ^^ Glass tubes are, when applied to the flame, quickly 
rendered pliable, and may be bent, or drawn out into 
threads or points, and hermeticaUy sealed ; or, by blowing 
into the other end of the tube, it may be expanded into a 
small globe : or it may be made to form various other snoall 
artides, at the pleasure of the operator. 

53. ^^ In chemistry, mineralogy, and the arts, the blowpipe 
is an extremely usenil instrument; being capable of throw- 
ing so poweriul a heat on a small object, as can only be 
obtained, on a larger quantity of the same substance, in the 
most powerful furnaces : and. with this advantage, that the 
process is always under the inspection of the operator; 
whereas he can only coiyecture what passes in the centre of 
a furnace. 

64. ^^ In using the blowpipe for experiment, a piece of 
charcoal is generally employed to supirart the subject, and 
hold it in the flame of the lamp ; the charcoal should oe of 
a dose compact grain, and properly Inimt ; for, if it is t09 
little carbonised, it will flame like a piece of wood, and ob» 
'Bcure the object; and if it be too much burnt, it is so 
ouickly consumed and burnt to ashes, that the object ia in. 
danger of bdng lost in it The chsocoiX ^gBcaiiVs Vqirnsmm^ 

C 
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the heat, by reverberating the flame, and by heatinff the 
object at the opposite side ; it being converted into fuel^ and 
excited by the blast : thus creating an atmosphere of best 
and flame around it, which prevents the heat from beinff 
carried off so fast, or the object being so much cooled, 
if it should, for an instant, be moved out of (he cone of 
flame, from the unsteadiness of the hand, or from acciden- 
tal currents of air, which would disturb the flame, and 
cause such a wavering in the point of the cone as to divert 
it, in some measure, nrom the object. 

55. '^ In order to prevent more tallow than ia neoeauuy, 
from being consumer, to produce the intended effect ; it n 
convenient to have several lamps, with wicks of diflffcrent 
thickness; viz. one to hold two flat cottons (such ai are 
used for the Liverpool lamps) of about an inch and a qiuur* 
ter broad ; another to hold four, and a third six ; or at 
much common cotton wick-yam as is equal to those wieki 
in bulk. 

66. " Glass jets should also be provided, of dilFerent siied 
apertures, to suit the greater or lesser sized wicks and 
flames, and deliver streams of air ujion them proportion* 
ately : and their jets should, for fancy glass-blowing, point 
upwards in a small degree. 

57. ^^ Hog8*-lard is equal, or, perhaps, even superior to tal- 
low, for the lamp.** 

58. Additional Ohseroations and Iffwrovementi on tkt 
above Apparatus^ hy Mr Gill, editor ojthe Technical J?^- 
poHtory, — '^ Having sedulouslv attended Mr Tilley during 
nis operations with this valuable instrument ; and also con* 
siderably assisted Dr C. Taylor, the late worthy Secret 
tar^ of the Society of Arts, &c. in making out the ibre- 
gomg description of its construction and uses; besides 
constantly having one at hand for his own purposes : the 
Editor conceives that it will be desirable to afiwd his lea* 
ders such additional information respecting it, as his oppor- 
tunities of acquiring it, and his own experience in usin^ 
the instrument, have furnished him with. 

59. '^ The greatest inconvenience he experienced, in asii^ 
the hydro-pneumatic blowpipe, arose from the firequent 
destruction of the glass jets, owing to their points Behig 
fused, on being left, only for an instant, in the flame, ttftec 
the air had ceased to pass through tiiem. This incouTeni- 
ence, at length became so serious, that he determined to 
contrive a more fscile method of fbrming them, tiban l>y 
making each jet of a ]^ of a bent tube as in Mr Tiner'i 

instrument. With this view, Vie cauMd Sk ^Usa tube to lie 
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bent at a prooer aoffle, which served as a receptacle for all 
the jets ; ana whicn were then readily formea by merely 
softening a pcnrtion of another smaller ^lass tube, by heat, 
and drawing it uit to the required size; then softenin^^ 
another portion of it, at a proper distance apart, drawing it 
out, and so proceeding, until as many portions of the tube 
were so treated as were thought necessary. The tube was 
ihen cut into jiortions (with the help of a proper knife, to 
be described hereafter), so as to form the jets ; and thus a 
^ece of ^lass tube, lo^g enough to have made only one of 
Tilley*s jets,^ was formed into five or six of these. This 
descniption will be more readily understood, by referinj; to 
fig. 28^ which represents the bent glass tube, and one oithe 
jets within it. Fig. 29, is a tube contracted by drawing 
out in the centre where it is intended to be cut asunder so 
as to form two jets. These jets are readily secured in the 
bent tube, by merely wrapping a little thin silver or tissue 
pap^ round them, which mu:es a joint that is suffidently 
air-ti^^t Tigj, 30, is a section of the knife, mentioned 
above, for cuttmg glass tubes with : it is about eight inches 
long, and tapers to its point ; having also a wooden haft or 
handle fitted to it This knife must be made of cast sted, 
and be left quite hard : its cutting-edge is formed by rub- 
bing it across, on both sides, with a shoemaker's ^ri^fton^ ; 
ancf, in this way, can be renewed, when, in course of use, 
it has become smooth. This knife is greatly preferable to 
the three-square saw-files, ordinarily used by the barometer 
makers, for a similar purpose ; or even to tne smooth I^an- 
cashire crossing' fUeSy which other fancy glass-blowers em- 
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stone^ similar to that used by carpenters, &c. 

60. <' Fig. 32 is a front view, and fig. 31 an edge view, of 
a pair of tvass tongs, used by Mr Tuley, in the manner to 
be presently described. They are made of stiff-rolled brass, 
about one-eighth of an inch thick, and seven inches long ; 
and their circular ends are about two inches in diameter. 
He used them to fiatten the stoppers of smelling-bottles, 
&c. by pressure, whilst hot, as well as the bottles. They 
were also used for pressing the red hot ends of glass tubra 
against, in order to thicken them, previously to blowing 
into bulbs. 

61. '^ Fig. 33 represents another tin screen, used by Mr 
7illey, instead of that shown in fig. 16. 16, at H I, to hide 
die aune of the lamp fipom the eyn qx tbft Qi<^x&\at\ vi^ 
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vet, at the same time, permit him to hmve a better view of 
niN work, than could be had over Ihe latter: it slides up and 
down, in a tin nocket affixed to the end of the machine 
nearest the operator. 

fi2. *'^ Fi^. 34 is a cvlindrical rod of brass, about five inches 
long, and three-eightns of an inch in diameter ; and having 
one end tanered to a triangular point. This Mr Tllley 
used to wiaen the orifices of glass tubes, bottles, &c. widi ; 
and it is exceedingly convenient fSor that purpose. 

63. ^^ It may be desirable to mention Mr TiUey's mode of 
forming and adjusting the wick of his lamp, which is as 
follows: — Fine cotton wick-yam is to be wrapped roand 
the four fingers of the left hand, so as to form a nat coil, of 
a sufficient size to fill the loop of the wick-holder, but not 
HO tightly as to hinder the tallow, from rising freelr 
through It. A piece of twine must then be passed thnmgn 
the coil, before taking it off the fingers. The lamp being 
next filled with melted taJlow, la^, &&, the strinff is to 
be passed through the tallow, &c., and through the loop (tf 
the wick-holder ; and the coil of wick-yam must be also 
drawn through the melted tallow, &c., after it, and be 
lodged in the loop, carefully spreading it equally therein. 
One end of the wick, viz., that next to the operator, must 
then be set fire to ; and, as it bums forwards, the coil ot 
wick must be cut open, ¥rith the trimming scissors, iifradu* 
ally, until it is all divided, and a passa^ left through the 
middle of it, for the blast of air to pass in : it is also to be 
evenly trimmed on each side : it may project, through and 
above the loop, about half an inch. 

64. *' This wick will serve a considerable time, witbont 
snuffing ; provided that, on relighting it, when ^e tallow 
is solid, the end next to the nozzle or jet be only kindled, 
and a lump of tallow, lard, &c, he held in the flame, upon 
a fork, &c., so as to melt it, and then dropped upon the 
forepart of the wick, to feed it, until the tallow, in the 
bod^ of the lamp, becomes sufficiently melted, to rise and 
funiiHh it with fuel ; and thus prevent the cotton from being 
charred and rendered useless. When, however, it requires 
to be renewed, the tallow, &c., being melted, as before 
mentioned, the wick mav be raised, bv means of a pair of 
forceps or pliers ; ana the charred parts be removed, 
with the scissors, by enclosing the wick lengthwise be- 
tween their blades ; and, bringing away what will readily 
come off: and, as in this operation, the wick is partially 
closed, it must be again opened and smoothed, by means gt 
the bent wire, fig, lii, before described. 
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.65. ''A slip of oiled silk should be tied over the lower end 
of the blowirig-tube, C, fig. 15, 16, in order to prevent the 
return of a little water up it, which, otherwise, is apt to 
take place. 

66. '^ In order to adapt this machine to the purposes of the 
jeweller, &c., for soldering with ; it wiU be necessary to 
povide an additional elass tube, like that shown in fig. 28, 
but with its upper end bent downwards, instead of point- 
ingupwards, as in that figure. 

67. *' A shallow tin-tray, with its edfxa turned up, and 
about four inches broader than the toj) m the machine, and 
as much longer, being secured upon it, by means of wire 
loons, affixed to the tray, and to the machine ; viz., one at 
each side, on the end next to the operator, and another at 
the further end of it ; and through which loops, strings are 
passed and tied fast ; will be found exceedingly convenient 
to hold pieces of glass tube, &c. , and prevent them from 
filing off the top of the instrument 

68. ^' Other fancy glass-blowers are in the habit of em- 
ploying aumA thickgr wicks than these described, in order 
to produce a flame sufficiently powerful for their work, and 
which they unquestionably do ; but then it is attended with 
a very great waste of tallow, &c. ; whereas, in this disposi- 
tion of the wick, nearly the whole of the flame is carriedinto 
the current from the blast, and is usefully employed. 

69. ^' The Editor has latdv employed this veiy useful appa* 
satus, to excite the charcoal nre in his small pumice-stone mr« 
nace,by means of the very fine and gentle blast produced from 
one of the glass jets ; and the conse<]|uence has been, that 
the water contained in his portable boiler,* is now heated in 
half the time formerly required : and so gentle is the blast of 
air, that none of the light ashes of the charcoal are blown 
about by it ; and it is now become an exceedingly useful and 
cheap substitijLte for the oil and spirit lamps, m ehemioil 
experiments. 

70. ^^ His machine is made of tinned copper ; and he has 
found that the water keeps constantly fresh in it, and never 
requires changing for years tc^ether. One singular effbrt, 
however, has oeen nrdduced thereby, which is, Uie forma- 
rion of a conuderable quantity of ^ne oxide of /in, very fit 
for polishing speculums, gola, silver, &c May not this 
diBCOvery be useful in the arts ?" — Technlcdl RepotUary, 



* See Tecbniqd Itepository, v. i, p. 917. 
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71. Dr. Clarke s Gas (or Oxy-hydrogenJ Biowpipem 
— This apparatus is represented as fitted up for use, 
by fig. 21. — 1, and 2, represent a deal screen, placed 
before^ 3^ a window, in two parts ; 1, being made to 
open like a door ; 2, a fixture before 3, the window. 
4, a large bladder or silk balloon varnished wiUi a so- 
lution of gum caoutchouc, for containing hydrogen 
and oxygen gases mixed in the proportion in which 
they combine to form water ; that is to say, two parts, 
by bulk of hydrogen, and one of oxygen. 6, the 
copper reservoir for containing the mix^ gases in a 
state of compression. 6, The stop-cock ot the jet. 

7, the flame produced by the mixed gases during 
combustion, as propelled from the moutn of the jet. 

8, The handle of the piston belonging to the oonden^ 
sing syringe 11 : this piston is on the outside of the 
screen, and is intendeu to be worked by the operator's 
assistant during the whole time that an experiment 
is taking place; so as to compress a constant supply 
of the mixed gases. 9, a deal tray, the bottom of 
which may be covered with paper, glass, or metal, as 
required for the different experiments. 10, the ex- 
tremity of a pair of steel forceps in the position of 
holdins an assay to the jet. It will be understood, 
that, during the time of an experiment, the two 
parts of the deal screen, 1 and 2, are shut dose, to 
prevent any serious effects resultmg to the operator 
or the looker-on, in case the reservoir were to explode. 
— Fig. 25, represents the safety-cylinder for the Gas 
Blowpipe invented by Professor Gumming. In the 
engraving above described, the safety-cylinder is 
seen immediately under 5, in the upper part of the 
copper reservoir, where the top of it containing wire 
gauze appears ; and where one of the extremities of 
the jet is screwed intoit. In figure 26, the safety-cy- 
linder is seen as when it is taken out of the reservoff. 
A, shews the cap containing the wire gauze ; B, the 
stop-cock; C, the mouth of the jet; C, D, the yo- 
lume of the flame ; £, the interior of the cylinder. 
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shewing the height to which it is filled with oil ; 
F, a valve, at the bottom of the cylinder, communi- 
cating with the gas reservoir in which the mixed 
gases undergo compression ; it, y,^ wire gauze over 
the valve F. 

72. By gradually turning the stop-cock of the jet 
belonging to the gas blowpipe, the violence of the 
gaseous flame may be diminished or increased at 
pleasure ; and, of course, the d^ree of heat may be 
modified : its utmost intensity being affinrded when 
the stop-cock is <^uite open. 

73. The operation of exhausting the copper reser- 
voir 5 of common air, and filling it with condensed 
gas by means of the syringe 11, and piston 8, is so 
simple as not to need description. 

74. During the whole tmie the jet is burning, 
the oil will be heard to play in the cylinder. If the 
current be inflamed, and the instrument abandoned 
to itself, the jet will go on burning until the expan- 
sive force of the atmonihere within the box is no lon- 
ger sufficient to propel a stream of gas with the re- 
quired rapidity through the tube ; at this time, unless 
tnebore of the tube be very fine, the flame will pass 
backwards, and fire the gas contained in the upper 
part of the cylinder; this having exploded, the 
efiects will cease ; the gas in the reservoir remain- 
ing as before — the wire gauze and the oil preventing 
the fiame retrograding so far as the body of the 
reservoir. When the use of the instrument is re- 
^larly required, a fresh portion of gas is condensed 
mto it, bemre the atmospnere is quite out. 

75. Attention should be paid to th6 quantity of oil 
poured into the cylinder : it should cover the gauze, 
out not to too great a height. — If there be too much 
oil, the i^tation caused by the passage of the «is 
through it, may cause drops of it to be thrown to me 
orifice of the jet, and thereby cause a sputtering in 
the flame. Before the apparatus is laid by, the cy- 
linder should be emptied of oil and cleaned. 
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76. Goldsworihtf Gumey's Oxy^Hydrogen Bhuh> 
pipe. — The construction of this apparatus resulted 
from Mr Gumey's attempts to improve the gas blow- 
pipe used by Dr Clarke ; the dan^ attending the 
employing of which, notwithstandinff the alttsrations 
of Professor Gumming and others^ still remainedauch 
as to deter all but a few bold experimentalists frran 
the use of it The various experiments by which 
Mr Gurney advanced, step by step, to the ocgect he 
he had in view, are detailed in his Lectures on Che- 
mistry. We merely present their results. Fig. Sli 
represent the apjiaratus complete : a and b, is the 
safety apparatus of which fig. S3 exhibits a section, 
and through which the gas must pass from the 
gasometer d, by the stop-cock c. ^ is a transferring 
bladder screwed to the stop-cock h, by idiiich the 
gasometer is charged by an assistant during its 
action, and such a quantity of gas supplied as to Keep 
up a flame for any requisite length of tune. Between 
■the gasometer and the charging bladder a valve is 
placed to prevent a return of the gas^ t is a wood 
or pasteboard cap, so contrived as to unite liglitness 
wiw strength ; this is attached by four strings, k^ t^ 
wires, which, passing through holes, l, I, in t£e table 
of the instrument, are fixed to tn, a moveabi^ pi;ess 
board below. When Xke requisite pressure or weight 
is placed on m, the capt is drawn down horiaontuly 
and equally on the gasometer d; upon which^ the 
gas is forced through the water-tube b, safety wpa- 
ratus a, and out of the jet c, at die end of which it 
is burned. If an explosion were to happen in the 
gasometer, the cap i would be thrown into the lur, 
where, from its extent of surface and great li^^tness, 
its progress woidd be arrested before any mischief 
ensued. The gasometer bladder, or silk bag, d, is 
tied to a bladder-piece, which screws into a tube 
contained in the body of the table of the instrumejit* 
This tube terminates in the stop-cocks, c, and;^ 

77. 23 is a section of the parts a, b, of tbe prc^eo- 
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cling figure enlarged, p is the stop-cock which ad- 
mits the gas from the gasometer to the water trough 
g', hy a tube m, which reaches to the bottom of that 
vessel. / is the water with the gas rising through it. 
r is a gauge which indicates the proper height of the 
water, n is a cork, which, if an explosion happens 
on the surface of the water, is thrown up, or wnich 
can be taken out, when water is to be poured into 
the trough. t\ t, are chambers in the safety-appa- 
ratus, intended, by means of the wire gauze parti- 
tions, k, to arrest the progress of a retrograde name, 
o is the jet, of which various sizes should be provi- 
ded, to be used at the will of the operator. 

78. Fig. S4 represents Mr Wilkinson's improved 
safety-chamber tor the above apparatus, which allows 
the use of a larger jet, and has thereby increased the 
range and utility of die instrument. The cylinder 
f, f, is of brass, about three quarters of an inch long 
and the same diameter internally, and is filled in the 
following order, beginning at the jet end : — ^Ten lay- 
ers of wire gauze, liaving about 4000 apertures to 
the square inch, g ; a layer of asbestus, one-ei^th 
of an inch thick, h ; ten more layers of wire gauze 
fr; another layer of asbestus h; twenty layers of 
vnre gauze g": — the two ends of the cyhnder being 
concave, in order to afibrd as large an area as possi- 
ble for the pas«age of the gas from the entrance pipe 
1, to the jet J. This invention was rewarded oy 
the Society of Arts with a large silver medal. 

79. Miscellaneous Notices of Blowpipes. — Although 
we do not think it necessary to trouble the reader 
with descriptions of any other blowpipes than the 
preceding, which we believe to be tne most useful 
that have been invented, we may nevertheless, by 
way of closing this part of the subject, say a few 
words respecting certain other contrivances, which 
at various times have been brought before the pub- 
lic. — 1. Mr Rob. Hare of Philadelphia contrived a 
hydrostatic blowpipe, capable of using either com- 
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inon air or gas, and posseBaing considerable power. 
It i» descri&d in The Philosophical Mag> VoL 14.-^ 
9. TheAbbeMeloffraniy of NapieBi employed twoglaai 
globes; one of wnicb being naif filled with water^ 
was connected with the other^ in such a manner as, 
by emptying the water into it> to force out a stream 
of air through a lateral aperture. See Pantalogia, 
and Nicholson's Journal vol. 9. — 3. Pr Berkenhout 
suggested the application of the Irish bajonDipe to the 
purposes of a blowpipe; this, being ffllea in the 
usual manner, and compressed by the arm, could be 
made to produce a blast either strong or weak as 
occasion required. — 4. A blowpipe^ said to be ^'ia*^ 
genious and useful, but comphcated," the invention 
of a Mr Haas, is described in NicholsovCs Journal 
No. 10. — 5. In the BibUotheca Britannica it is stated 
that Joseph Hume Esq. M. P. is the inventor of a 
blowpipe described in the Philosophical Mag, y. 44. 
— 6. Brewster* 8 Edinburgh Encyclopedia.{Axi. Blow- 
pipe) contains descriptions of several blowpipes 
differing from those described here, but not seenung 
to possess superior qualities. The most remarkable 
one, is a mouth blowpipe with two jets, one intended 
to be pointed to the name — the other from it. Most 
operators find it quite difficult enough to keep up a 
supply of air for one jet; yet the author recommends 
this invention as tending to render the labour of 
blowing more easy. We confess that we are per- 
fectly blind to the merits of this piece of mechanism. 
Besides the blowpipes we have mention^, diere 
certainly may be others well worthy of notice, but 
none such have fallen under our observation. 



THE PROPER KIND OF FLAME OR 
COMBUSTIBLE. 

80. A considerable diversity of opinion exists with 
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regard to the material which should he used to pro- 
duce the flame for the hloWpipe : wax^ oil^ and tal- 
low, have each its champion. If a very large flame he 
used, it does not easily yield to the hlast, and a small 
one produces a weak effect. Bergman directs us to 
choose a slender candle, either of wax or tallow, with 
a cotton wick, which he recommends to he hent^ 
after snuffing, in the direction in whic>i the flame 
is to he impelled. Engestrom recommends, as the 
most cleanly and convenient, that the candle he made 
of wax, witn a wick thicker than ordinary. Children 
directs us to take a large wax candle. Gahn used 
candles at first, hut afterwards rejected them, and 
employed a lamp furnished with a large wick and 
fed with olive oil. Candles do not always furnish 
sufficient heat, and, besides, are subject to this in*i 
convenience, that the radiant heat from the substance 
under examination melts the tallow or wax and oc- 
casions them to bum away too fast. Berzeliua 
tells us, that lamps are by far the best, and that the 
best fuel for them is oUve oil. A brass cap, fastened 
over the top of the lamp, by a screw and a coilu* of 
leather will effectually prevent the escape of any 
oil in travehng. — ^These observations, with the de^ 
tails given in paragrt^hs SO — 70^ respecting tiie 
management of the lamp belongpoig to Tillev's blow* 
pipe, will affi>rd sufficient infumation on tnis point* 



ON THE METHOD OF BLOWING 
THROUGH THE TUBE. 

81. Asit is absolutely necessary, iMiys Bergman, that 
the air should flow through the <»iflce in a continued 
stream as long as the experiment requires it, the lungs 
will be extremely fatigued by this labour, unless a 
respiration, equable and iminterrupted, can be con- 
tinued at the same time. To proceed iA thk «iiQ«K%i* 
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tion without inconvenience^ some labour and practice 
are necessary. The whole artifice^ however^ consists 
in this, that, while the uir is inspired through the 
nostrils, that which is contained in the mouth be 
forced out through the tube by the compression of the 
cheeks. — ^To some persons this is difficult ; but f^ 
qucnt trials will so establish the habit^ that a con- 
tinued strer;m of air may be supplied for a quarter of 
an hour or more, with little other inconvenience than 
that attending the lassitude of the lips which com- 
press the tube. 

82. To the above directions of Bergman^s, it 
may not be amiss to add^ for the learner's advan- 
tage, a proper arrangement of introductory experi- 
ments on the art of blowing so as to keep up a conti- 
nued blast ; that bein^ a matter of so great impor- 
tance. To breathe with advantage to the system 
through the nostrils entirely, with the mouth ciosed, 
is the first step to be attained : this seems so ex- 
tremely easy, as to be almost unnecessarily mention- 
ed ; but it is the duty of the teacher of any art to 
begin with the simplest movement. This being com- 
pletely effected, let the learner transfer the air into 
nis mouth, allowing his cheeks to distend as the air 
arrives through the posterior nostrils, and then let 
him make two or three moderate inspirations and 
expirations by the nostrils, without opening the lips 
or suffeiing the air to escape from the mouth ; — ^this 
also is so easy that a very little practice will com- 
plete it. Our learner having effected this, let him 
introduce between his lips, the mouth-piece of a 
blowpipe having a small aperture, and then having 
filled his mouth with air, let him allow the same to 
be gently expelled through the tube, by the action 
of the muscles of the cheeks ;* at the same time that 
he continues breathing without interruption throng 
the nostrils. This is done by applying the tongue 
to the roof of the mouth, so as to interrupt the com- 
inunjcation between the anterior part of the mouth 
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and the passage of the nostrils. When the mouth be* 
gins to be empty, it is replenished by the lungs in 
an instant, while the tongue is withdrawn from the 
roof o£ the mouthy and replaced again in the same 
manner as in pnmoundng the monoayllable tut. 
After practising this for a few days, the muscles em- 
ployed will be accustomed to this new exertioD, and 
unless the flame be urged too impetuoudy, a con- 
tinued current may be produced without any eztra- 
ardinarr exhaustion. 

$3, Even the painful feeling arising to die lips 
from a long-continued compression of we tube, may 
be in a great decree obriated by having the mouth- 
piece of an oval or flattened, instead of a round 
shape. It is easy to give this fbrm to glass ; and, 
for the better kinds of Uowpipes, mouui-pieees of 
this shape ean be procured, made dther of ivory or 
silver* 
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84. Having, by the observance of the foregoing di- 
rections, accomplished the first ol^ect of keeping up a 
steady blast, the next to be attained is the power <^ 
producing a good heat and of regulating its intensity. 
Suppose you are operating with a canme, which has 
the wick snu£fed rather shorty and a littie bent at its 
summit from the blast in the manner already direc- 
ted, the orifice of the blowpii>e is to be held just 
above the bent wick, and the air gentiy and equably 
expressed ; so as to be blownf along tne honxontal 
part of the wick as near as may be without strildnr 
It. At the same time, all casual currents and 
draughts of wind are to be carefully avoided, as ren- 
dering the flame unsteady, and very materially im- 
pairing; its strength. Tne above conditions duly 
complied with, the flame beiiig forced to one side by 
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the violence of the blasts exhibits the figui« of a 
cone, evidently consisting of two parts^ an outer and 
inner : the internal figure being of a light blue co* 
lour and converging to a point at the distance of 
about an inch from the nozzle ; the external figuie 
is brownish, vague, and indetermined. The most 
intense degree of heat is excited at the apex of 
the blue name ; the outer flame possesses a much 
lower degree of heat than the inner. Fig. 39 
exhibits the appearance of the flame of a candle 
when acted on by the blowpipe. If the flame be 
ragged and irregular, it is a proof that the orifice of 
the bloAvpipc is not round and smooth^ and if the 
flame have a cavity through it, the aperture of the 
pipe is too large. Hlien the fault oi a blowpipe is 
Known, the remedy is obvious. 

85. The following observations are from Bene- 
lius : " As different bodies have different modes of 
ignition, and as we are easily deceived by the light 
which they emit, we only learn to distinguish the 
maximum of heat by practice. To attain mis maxi- 
mum, we must neither blow too violently nor too 
gently ; in the first case, a portion of the flame is 
either carried off* or extinguisned by the impetuosity 
of the current ; in the second, the flame flbBgs for 
want of a sufficient supply of air. When we wish 
to try the fusibility of a body, or to reduce metallic 
'oxides which have a strong affinity for oxygen^ a very 
high temperature is necessary. But many operations 
require a less intense heat. The most important 
pomt in pyrognostic assays, is the power, etuily acquis 
red, of producing at will the phenomena of oxidation 
and reuuction. The former is so easy, that one 
need merely be told how it is to be done, to be able 
to do it ; but reduction requires practice, and a cer- 
tain knowledge of the different modes of conflagration. 

Hfi. *' To Produce Oxidation — The subject under 
trial is heated before the extreme point of the flame, 
wliere all the combustible particles soon become sa- 
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turated with oxygen. Too great a degree of heat 
must be carefully abstained from. Oxidation goes 
on most actively at an incipient red heat. The open- 
ing in the beak of the blowpipe must be larger for 
this kind of operation than in other cases. 

87. " For Reductiony or Deoxidation — A fine 
beak is to be employed^ which must not be inserted 
too far into the name of the lamp ; by this means we 
obtain a brilliant fiame^ the result of an imperfect 
combustion^ which is the best adapted for this pur- 
pose^ although formerly the blue name was errone- 
ously considered the proper one for the reduction 
of oxides. The flame must be directed on the assay 
so as to surround it equally on all sides^ and defend 
it from the contact of^the air. 

88. ^^A very advantageous mode of acquiring the 
art of making a good flame for the purpose of reduc- 
tion, is to keep a small grain of tin in a state of 
fusion^ at a reddish-white heat^ on a piece of char- 
coal^ preserving the metallic brilliancy on its sur- 
face. In this experiment^ it is easy to learn when 
the flame ceases to be a reducing, and becomes an 
oxidating one ; for die instant this takes place, the 
tendency which tin has to oxidation, occasions it to 
lose its metallic brilliancy and become covered with 
a crust of oxide. When a small grain of tin can be 
easily kept in a state of reduction, the size of the 
assay may be increased. The larger the quantity of 
tin which he can thus keep in the metallic state at a 
high temperature, the more expert is the operator 
in nis art." 

89. Almost all authors who have written on the blow- 
pipe, when they arrived at the part relating to the blast and 
the management of the flame, nave thouslit it incambent 
upon them to say something relative to tne nature ofJUimc. 
Among others, Berzelius tells us. that ^' to produce a good 
heat, requires some knowledge of flame, and of its differ- 
ent parts,*' and then he gives an anatomical description of 
flame, to which Mr Chiloren has added very long and very 
profimnd notes ftom Davy and othen^ lo ifiBst& ^"^ vsrmx 
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notioDi respecting flame.*' We found all chew esnUiui. 
tiont verj tiresome, and think them rtry umXtm, In our 
opinion, ** correct notiona xctpecting flame," Bvdb at laaM 
at can be got at the present time, are not, to the opofatar 
with the Dlowpipe, worth the tronble of acquiring. If it 
was really necesaazy to be aeqaainted with die natnve of 
flame, to be able to produce a good heat with tlie Uowpi^wa 
fiyicj that that instrument would soon xetnm to its ong^nal 
insignificance : the infonnation we have on the ralQeet ii 
so Uttle, and that little so wrapped up in the theorid, and 
disfigured by the contradictory statemeotSy of liTil caqvir- 
ers, as to be veir difficult to obtain, and afanoat narlw 
when obtained. But happily the practical uae of tbc hlov- 
pipe does by no means depend upon the o p er al oa'a epfa fa wa 
or the composition of flame ; and» thereton, we think it 
useless to enter into len^y disquisitions of a nature fo- 
reign to our subject : it is sufficient for the purpose, if die 
student learns where the hottest part of the flame ia, and 
what effect various parts of the flame have upon the anay ; 
— necetniif obli^ him to go no farther. 

90. The enquiry into the nature of flame, is, however, e 
curious speculation, and very singular axe certain solatieiia 
of this enigma which have been offered by difibrent ** phi* 
losophers. One asserts that flame is opaque, another 
declares it to be transparent ; a third is convinced thet the 
flame is increased by the combustion of the air of the jet, 
while a fourth is equally certain, that the blast merely acta 
mechanically by battenng the flame together.^ He who 
may choose to occupy himself with the examination of thcw 
sutements, will become farther acquainted with the anb* 
* ict by applying to the writings of Rumford, Davy, 8ym» 

onett, uumey, and Berzelius. 



^ 
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91. We purpose describing under this head, a 
variety of instruments^ which^ if not particularly odd- 
nected with the employment of the olowpipe, are at 
least useful in the study of mineralogy. As tne usee of 
cadi wUl be detailed^ the student will be enabledia 
select fivm the whole, those which the extent to 
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'^hicfa he may wish to carry his researches^ may 
render necessary. 

92. The following sentence is irom Beizelius: '' Order 
in the arrangement of the various instruments is ver^ essen- 
tial, so that the operator may in a moment lay his hand 
upon whatever he may want." To this passage, which 
OHitains an indisputable truth, Mr Children has affixed the 
following note :-^^^ Here follows a long detailed description 
of a table, with a drawer at each side, and four in mmt, 
divided into moveable compartments of tinned iron, to hold 
the various instruments, &c. not forgetting a hook with a 
towel Axed to the right lejgofihe uibk! Next comes an 
equally elaborate description of a red morocco case to hold 
a traveling blowpipe apparatus. These things are all very 
useful, but I cannot agree with my author, wat a particu- 
lar description of them is necessary. I have, therefore, 
omitted them." Not contented with thus tuming^nto bur- 
lesque, what, in the opinion of the experienced J3erzelius, 
was deserving of serious consideration, Mr Children has 
another fardral touch in his preface : — *' To the author^'* 
says he, ^' some apolog]^ perhaps is necessary, as to certain 
liberties I have taken with the originaL In tne first place, 
I found the description of apparatus so very minute, that 
though such may be desirable in Sweden, in England I am 
sure It is not wanted, abounding as this country does in 
skilful artists, from whom every species of |)hilo6ophicaI 
apparatus may be had, of the best workmanship and con- 
struction. I nave, therefore, shortened several of thc»e de- 
scriptions, wi^out however omitting any thing essentiaL*' 
We like the wuveti of these passages particnlany. Ccnning 
from an English Philosopher^ they are equally remarkable 
for drollery and modesty. Mr Cnildren opines that a very 
minute description of blowpipe apparatus, though useless 
in England^ may be desirable in Sweden, How strikingly 
must every one differ in opiriion from Mr C. who knows, 
that, for almost all the iniormation we possess respecting 
the blowpipe, we are indebted to Sweden ! The use of the 
instrument originated in Sweden ; it was improved in Swe- 
den ; it was brought to perfection in Sweden. The most 
eminent individuals who have used the blowpipe, such as 
Swab, Cronstedt, Bergman, Oahn, and Bersehus, were all 
of Sweden. While m England — in England we adopt 
what in Sweden they invent ! What is indicated by the fact 
that Mr Children translated Berzeliua*s Work on tne Blow- 
pipe into English ? — What but, that, '' i^^unding as this 
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Muntry doo in flkilful wtifts,** it was nwnum to tend fo 
ftweden for an inntructor for tbem? Yet Mr CkiUicn 
thinks, that that infonnation which is uwfnl in Sweden i> 
unnecessary in England — an idea certainly very eztnoidi- 
nary. 

*Ji, In onr opinion, Mr Children, by oniti] 
omitting Berzelius's description of apparatus, hai 
riously diminished the utihty of the work ; and in 
nion we are joined by many persons who like us, place a 
high and just value upon practical details, and wish the 
ex[>urgated parts had been retained. The fact is, tfattt Mr 
Children seems to have diought that all the xeadera of Mr 
book were to Uve next door to '' Mr Newman, of Ijisk 
Street. Leicester Square, who,*' says he, ^ makes complete 
sets or apparatus for the blowpipe, containing erery tmng 
that the operator can require. ' If Mr CT has need m 
any instrument, he can probably procure it ftmn Mr N. 
in a few minutes ; but many persons are far dififarcntlr situ- 
ated. We owrselyes, for instance, reside fburhundreain^eB 
from Leicester Square, and are ignorant of the existence of 
any ^^ skilful artist,** by whom we could be supplied widi 
^\ complete sets of instruments for the blowpipe ut a Icm 
distance. It is therefore of primary importance to us, that 
we should be supplied with descriptions of appuv&tns so 
minute as not to be misunderstood bj the merest aztifieer, 
in order that the want of these ^^ skilful artists*' of wImbi 
Mr C. speaks, may not interrupt onr pursuits and iru s tim te 
our prmects. 

94. Had we translated Berzeliii8*8 work, his descriptioBS 
of a})paratu8 would all have been retained, even to the mnc 
despised *•* hook with a towel fixed to the ririit leg of the 
table.*' In matters of this kind, we should hare reKed 
more upon Berzelius's judgment than upon our own ; and 
we should have been cautious of praisinf Enghmd in its 
proficiency in this art at the expense of Sweden. 

1.— Proper Supports. 

95. By the support is meant the substance or in- 
strument which serves to hold the assay (or object 
submitted to experiment) to the flame. This must 
necessarily be a solid body ; it ought likewise to be 
of such a nature, as not to combine chemically with 
the 8ubstanc0 it supports, and, at the same time. 
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should be bo refnetoij, tm not to give way under the 
heat, llie sujiports in use at present are of two 
kinds, combustiole and incombustible. The com- 
bustible support is charcoal, of which we shall speak 
at length presently. The incombustible supports 
are Metal, Olass, and Earth ; in the use of all which 
one general caution may be given : 4o make them as 
little bulky ae posnble. The support always abstracts 
more or less of the heat; and if care be not taken, 
it may in many cases entirelv prevent the flame 
producing its proper efibct on tne assay. 

96. The Best Support is ChareoaL^Ii ahould bea 
compact kind, of even texture, free from knots, and 
weliDumt. Straight pieces ahould be selected. Char- 
coid that is porous, or splits in use, or bums with 
smoke or flame, is unfit xor the purpose. Bergman 
recomimended charcoal made of beach or fir. Gahn 
thought box-wood would yield the best, but never 
had an opportunitv of trying it. Berzelius denounces 
fir as liable to crackle and scintillate, and to scatter the 
assay ; and recommends in its stead, that from a 
sound, well-grown pine tree, or from the willow. 
Cluldren says box-wood is too good a conductor of 
heat, and is apt to split In his opinion, the best 
diarooal for the use ot the blowpipe, is that which is 
made from alder, and is employed in Ehigland in 
the manu&ctnre of coarse gunpowder. The char- 
coal should be divided by a saw into paralellop^ie- 
dons four or five inches long for use. Some of the 
advantages possessed bv churooal, as a support, are 
mentioned in paragrapn 64. A small hole is to be 
made near the end ot the charcoal, by means of a 
slip of plate iron bent longitudinally, to receive the 
suDstanoe which is to be. submitted to examination. 
This will prevent those particles which are small 
and light from being earned off by the blast of air. 
Charcoal is chieflj employed for supporting metallic 
substances, especially fragments of ores intended to 
be reduced ; because it attracts the oxygen from the 
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metallic oxide, and thereby accelerates its redaction to 
the metallic fonn. A metal thus reduced may be kept 
ill fusion on the charcoal^ which prevents or retards 
its again attracting oxygen. It is also employed for 
roasting metallic sulpiiurets^ and arsenical alloys. 
Dr Ure, in his abstract of Gahn's experiments, tells 
us, that the sides, not the ends^ of the fibres must be 
used ; otherwise the assay will spread about, and a 
round bead will not be formed. But, Beneliua, in 
the following passage, a^iparently gives us directions 
quite contrary : " In order to fix the flux to a point 
on the surface of the support^ one of the ends per- 
peiidicular to the layers of the wood is to be chosen 
for its receptacle, if placed on the section para^llol to 
the layers, it will spread over the surface. ' — ^If the 
piece of charcoal you may be operating with, should 
shew a disposition to crack, it must be heated gra- 
dually till it ceases to do so, before any assay is 
placed upon it. If this is not attended to, but a 
strong flame is applied immediately, small pieces will 
fly in the face and eyes of the operator, and carrv 
along with them the matter intended to be assayed 
97. Metallic Supports — In those cases where the 
reducing effect of a charcoal support would be in- 
jurious, or when the subject under examination ia 
absorbed by it, a metallic support is to be used. 
Bergman recommended a small hemispherical spoon, 
ma£ of silver or gold. But, since nis time, vast 
improvements have been made in the method of 
working platinum, a metal, which, on account of 
its high degree of infusibility, the slowness with 
which it conducts heat, and its quality of resisting 
the action of many chemical agents, is much superior 
as a support to all other metals, and is now generally 
employed. Substances in the metallic state, or those 
oxides which are reducible j)er se before the blow- 
pipe, must not be support^ on platinum — as the 
8upix)rt and assay would be fused into an all^. 
Charcoal is the proper support in those cases. Pla- 
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tiniim is also unfit to be used with certain fluxes^ as 
will be hereafter mentioned. The following para- 
graphs describe the di£^ent forms in which the 
metal is made use of. 

98. Platinum Spoon. — Fig. 44 represents a plati- 
num spoon. The bowl is hemispherical, made very 
thin, and about a quarter of an inch in diameter. 
The platinum shank is very short, and is soldered 
to a longer one of silver^ which fits into a handle of 
wood. When a very intense heat is required, the 
bowl of the spoon may be adapted to a hole in the 
charcoal. In operating, it is proper to direct the 
flame of the blowpipe to that part of the spoon which 
supports the assay and not to apply it immediately 
to the substance itself. The spoon is a support 
which is easily managed by the learner, but it is get- 
ting into diisrepute witn those most versantin the blow- 
pipe art. Because, as the quantity of metal neces- 
sary to form a spoon, however thin and small it may 
be, is such as to absorb a great quantity of the heat 
of the jet, its form is objectionable and disadvan- 
tageous. Spoons were chiefly used when a mineral 
was to be heated with soda ; but, it has been founds 
says Berzelius, that mineral substances may be heat- 
ed with that flux, better on charcoal than on any 
other kind of support; so that spoons are become 
almost superfluous in experiments vdth the blowpipe. 

99. Platinum jPoi/— Was first employed by Vr 
Wollaston, and has been adopted and approved of 
by every other exp^imentalist. The platinum foil 
must be about the thickness of common writing pa- 
per, and cut into slips about two inches long and half 
an indi wide. This metal is so bad a conductor of 
heat, that one of these short slips of foil, may be 
held in the fingers by one end, while it is heated 
intensely at the other. Berzelius directs us, when 
we wish to heat and oxidate at the same time, to 
direct the flame against the lower surface of the 
foiL Aikin speaks of the use of this au^gf^x^ %& ^V 
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lows : " For fusible earthy minenlsy and for the in- 
fusiljli.' ones when fluxL-s are used, leaf platmum will 
Ix* fuund (he inr)st convenient ; it may he folded like 
)ta]»t.-r into any dt^irable form, and the result of the 
cx{uriinent may be obtained simply hy unfolding 
the leaf in which it was wrapped up." 

100. PlntiHum irir^.—Berzelius tells ui, that Gahn, 
heiii;^ unacGuainted with platinum foilj and dialikuiff 
KjKxjiis, maae use of a platinum wire, two inchei and 
a )jalf long, and hooked at one end ; as represented 
by fi^. 3<j. This apparatus, says he, so completely 
answers the purpose, as, in many cases, to be prefer- 
able }>oth to foil and charcoaL The manner of 
using it is as follows :— The flux is made to adhere 
Ui the hook by moisture, and is fused to a globide; 
the assay is then moistened, made to adhere to the 
iiux, and heated with it : by which means an insu- 
lated mass is obtained which can be examined very 
conveniently. Oxidations, and those reductions in 
whicli the object sought is change of colour, can 
also Ik; performed thus. The globule can easily 
be detached by a gentle tap against the wire ; and 
may either be cooled suddenly by being thrown on 
some cold liody, or allowed to cool gradually. The 
o]N:rator will find it advisable to provide himself 
witli several of these wires. When he is traveling 
where good charcoal can neither be met with, nor 
can Im.* conveniently carried, he will find them ex- 
tremely useful. 

101. (Ufanite. — '' Saussure,'* says Dr Thomson, 
" cemented a very minute portion of the mineral to 
be examined on tnc point of a tine splinter of cvanite. 
liy til is contrivance ne was enabled to make bis ex- 

{>erimentH u)Km very minute particles ; and this ens- 
iled him to fuse many bodies formerly considered 
as infusible." — '^ Cyanite," says Berzelius, '' is in no 
rcK|)ect preferable to platinum foil, and has the di»* 
advantage of being acted on by fluxes." 
i (92, FltUcM of iif tcoF-Hoaay be used in Toasting oresy 
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wherever it is anticipated^ that the reducing eiSect of 
the charcoal would he injurious. This is recommend- 
ed hy Berzelius. 

103. Okus. — M. Dodun^ in the Journal Physique, 
for July^ 1787, recommends a new support of his 
invention : it consists of a solid piece or glass, of a 
trian^lar form, two or three inches lon^ gradually 
tapenng from its hase, the sides of which measure 
one third of an inch, to a fine point. He moistens 
this point and takes up a minute fragment, or small 
quantity of the powdered matter of ue suhstance to 
De examined. With this apparatus he fused many 
suhstances hefore deemed infusihle per se. M. Do- 
dun however deceived himself: the fusions whidi 
he considered to he per se, resullied from the opera- 
tion of the glass oi the support, which acted as a 
flux. Arthur Aikin speaKs of the use of glass 
supports as follows : '' If the mineral to he examined 
is of a long or fihrous shape, one end may be cemen- 
ted to the top of the glass rod hy heating it; and in 
this state it may be examined with great conve- 
nience." 

104. SfimU Plates of Clay — ^prepared as directed 
below, are found to he a very useful addition to the 
blowpipe apparatus. The colours of bodies melted 
with Ixn'ax, &c are shewn to great advantage on 
them; and quantities of matter too minute to be 
tried on charcoal, or in the platinum spoon, may on 
them be readily examined, either alone, or with 
fluxes. — Process for forming the Clay Plates — ^Ex- 
tend a white refractory clay, by blows with the 
hammer, between the lolds of a niece of paper, in 
the same manner as gold is extenaed between skins. 
Then, the day and paper together, must be cut with 
scissars into pieces about half an inch lone, and a 
quarter of an inch wide, and afterwards hardened in 
tne fire in a tobacco pipe. 

105. Glass Tubes. — Fig. 39, represents a little ap- 
paratus sometimies used by Berieliu8> to i^ecCoTuv^Aft. 
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Gperation of roasting. It eoDBists of a glaw tabe, 
two inches long, one eighth of an inch in diameter^ 
and open at both ends. The assay ia plaeed in this 
tube at a short distance from the end, and ia then 
exposed to the flame in the manner ahewn by the 
figure. VoUitile substances not permanently puw- 
ous, sublime and condense in the upper part of the 
tube, whence they may easily be taken and exami- 
ned 

106. Matrass* — This, which is represented by 
fig. 36, is used to heat a mineral in, which deere^pitates; 
for ascertaining the presence of water in a minend; 
or for subliming sulphur, arsenic, or other Yolatiie 
bodies. It may be neated bv the jet, or held ofer 
the flame of a spirit lamp. Vessels of this deaer^ 
tion are also very useful for performing Tariooa aoiht- 
tions by the aid of heat, to which it is aometimcs 
necessary to have recourse. Seyeral difl&rent aiaes 
should be kept at hand. 

107. Forceps. — " For non-metallic minenla that 
are not very fusible," says Aikin, '* the best ponribk 
support is a pair of slenaer forceps of brass pointed 
with platinum." Fig. 42, 43, represent the rana of 
a pair of forceps described by Berzelius, and by that 
competent autnority declared to be on the beat con- 
struction, and to answer their purpose completely, ab, 
ab^ are two thin plates of steel, joined in the nuddle 
to an iron plate, e, e, hardened at the ends, a, a, that 
they maj not be battered when used to detach a 
particle for fusion from the mineral to be examined, 
and having a piece of platinum, c, riveted on the 
other extremity of each. The platinum points an 
made small that they may not carry from the asMT 
too much of the heat of the jet. They are dosed 
together by the spring of the steel blades, to which 
they are fastened, and are opened by pressing against 
the buttons, d, d. 

108. Fig. 41, represents the extremities of a 
p*irof forceps invented by Mr Pepys, and intended 
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to be used when a substance is to be examined 
which exhibits the phenomena of decrepitation. 
This serviceable little instmment difiers from com- 
mon forceps in having upon the points a pair of he- 
mispherical caps like earpicks: any small gem or 
substance liable to be dispersed by the application of 
heat, can be inserted into this little cavity and exa- 
mined very conveniently. 

2. — ^Additional Instruments. 

109. JTamm^^.-^Berzeliussays^two^ of hardened 
steel, are necessary. One having a polished face for 
flattening the grains of reduced metal, the other 
having square and very sharp edges for chipping 
off small portions from a specimen for examination. 
Fig. 46> represents a hammer of the form used by 
Bergman. In Phillips's Mineralogy, third edition^ 
juay be seen figures of several sorts of hammers re- 
commended by Dr MacCulloch and others, for va- 
riouB purpoaea in Mineralogy and Oeology. The 
hammers made at Sheffield are better steeled, and 
^nished in a finer manner, than those manufactured 
elsewhere. 

110. ^iit;t2.-^Bergmanrecomm.ended,forthepound- 
.ing of ores after roasting, a small square steel plate and 
the hammer fig. 46, as a sufficient apparatus, the 
particles being prevented from being dispersed by 
an iron ring, similar to fig. 47, within which the 
substance to be broken was to be put. But Berae- 
lius says, this iron ring does not answer the purpose, 
and is unnecessary ; because the dispersion ox the 
firagments may be prevented by wrapping the mi- 
neral to be crushed in a piece of paper. Instead, 
also, of the steel plate, he recommends as most con- 
venient for the purpose, a paralellopipedon of 
steel, about 3 inches long, 1 inch thick, and 5->4ths 
of an inch wide, polished on all its surfaces. The 
anvil used by the watch-makers in England, which 

E 
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is a plate of hardened steel about an inch and a half 
aquarc, and l-8th of an inch thick^ mounted on a 
piece of wood half an inch thick, and encloaed in a tin 
case, makes an anvil exceedingly convenient for ihe 
traveling mineralogist. It is soul bj those who sup- 
ply artists* tools for about eighteen pence. 

111. Pestle and Mortar. — ^Berzehua recommends 
one of agate. The smaller the better. That which 
I use, says he, is scarcely two inches in diameter, 
and half an inch high on the outside. Its cavity is 
5-16ths of an inch less than these dimensions. For 
a great many purposes, where the utmost nicety is 
not requisite, the small Wedgewood*s-ware pestk 
and mortar, which is a very cheap article, is highly 
convenient. The traces lett on the surftoe m^the 
mortar by metalliferous substances may be removed 
by grinding with pumice stone. Many opemtois 
use a mortar made of steeL 

112. Files — are very useful. Berselhis reoom- 
mends " a triangular, a flat, and a round or half- 
round file." A file made at Sheffield, about six 
inches long in the blade, and of the shape represent- 
ed by the section fig. 30, we have found very handy. 
Files are used to try the hardness of minerals, to cut 
glass tubes, and for a variety of other parpoBea.. 

113. Knife. — This is one of the most indispenM- 
ble articles of the blowpipe apparatus. Like the 
file it is employed to try the hardness of minerals^ 
which is estimated by tne greater or less reiistanoe 
they oppose to it " The most unexceptionable me- 
thod of ascertaining the hardness of a mineral,*' says 
Aikin,'' is the greater or less ease with which it yields 
to the point or edge of a knife of hardened sted. 
Whereas, the comparative ease and vivacity with 
which a mineral gives s^ks with steel is a yery 
equivocal test." The point of the knife is also vsed 
to take up portions of the fluxes, and to knead them 
with the pulverised mineral. 

J 14. Magnifying Lens^-^In the examination of 
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minerals by the blowpipe^ the microscope is often in- 
dispensable in ascertaining the result Until we have 
examined the object by its means^ says Berzelius, 
we must be cautious how we decide as to colour ; 
for the light which charcoal reflects on small glassy 
globules^ often produces false appearances whidi the 
microscope corrects. Magellan recommends^ ^' for 
the examination of the structure and metallic parts 
of ores^ a triple magnifier^ which^ differently com- 
bined^ produces seven magnifying powers.*' Berae- 
llus prescribes *' a microscope with one or tTiro plano- 
convex lenses of different powers^ which Dr Wol- 
laston has shewn is the form best adapted to enlarge 
the field of distinct vision." When a microscope 
of the latter description cannot conveniently bepn>- 
cured^ a common pocket magnifying glas8> with one 
or two good convex lenses, will oe found very con- 
venient. It is proper to examine a mineral with 
the glass as well before assaying as c^er ; to be en- 
abled to separate more easily the different parts of 
it, should It be of a heterogeneous nature. 

115. A Dropping Tube, — This is a neat contri- 
vance of Dr Wollaston's, for dropping water. It 
consists of a glass tube with a fine onfice, nassing 
through a corx fitted in the neck of a bottle haff 
filled with water. The tube may be bent at a right 
angle, about an inch from the orince. By holding the 
bottle in the hand, the application of the warmth 
dilates the air contained m it, and thereby slowly 
expels the water. There is another contrivance for 
dropping water, which is a narrow glass tube about 
six inches long, with a bulb about an inch in dia- 
meter blown near the upper end of it, and having 
its lower end drawn out to a capillary point. The 
manner of using this is as follows : — ^whue the lower 
end is immersed in water, the bulb is filled by the 
action of the mouth applied to the upper extremity. 
The latter is then closed by the finger, and the wa- 
ter remains suspended in the lube, '^u'^ V) <:»!^- 
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tiously removing the finger, it is expelled in drops, 
'i'hc dropping tube is used to wash filters, and pre- 
cipitates in general ; it is also convenient for vrash- 
ing the charcoal powder from the grains of reduced 
metal j in some exi>criment8. 

lid, Eh'ctromt'ter, — "Electricity,** says Aildn, 
'^ is a (mincralogical) character of but small im- 
portance. It serves indeed to point out the Tour- 
maline and other pyro-electric minerals, and is con- 
nected with some curious and important crystallo- 
graphical facts; it must not therefore be entirely 
neglected." We determine the existence of this 
curious property in a mineral, by means of a little 
instrument which consists of an upright glass stem 
four or five inches long, fixed in a wooden foot, and 
having suspended from its upper end, half an inch 
of which is bent at a right angle, a very small piece 
of gold paper, by means of a thread of silk. This 
instrument is generally called an electrometer, some- 
times, more properly, an electroscope. When we 
wish to ascertain the electricity of a substance, we 
first charge the gold paper, either positively by 
touching it with an excited glass tube, or negativehf 
by means of an excited stick of sealing wax. The 
gold paper will then be attracted hy a substance 
possessing a different kind of electricity, or repelled 
by a body having the same kind as itself. Minerals 
wnich become electric by heat, previously to their 
being presented to the electroscope, are held to the 
flame of a candle by means of a forceps having a 
handle of glass. The Tourmaline when operated 
upon in this manner is found to possess two distinct 
electric poles, one positive, the other negative; 
which poles, upon the minerals becoming cold, are 
reversed. Fig. 48, represents an electroscope con- 
trived by Haiiy. It is better adapted for traveling 
than the simple instrument above described, a ^ is 
a needle of brass, terminated at each extremity by 
a hall of the same metal, and moving very easily on 
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a pivot at the centre, c is the metallic base of the 
instrument. (2 is an insulating plate of resin or 
glass. When a mineral is to be tried^ it is neces- 
sary, in the first case, to communicate a certain kind 
of electricity to the instrument, which is done as 
follows : — Hayinff excited a tube of glass, or a stick 
of sealing wax, place a finger on c, the metallic base 
of the electrometer, and tl^ bring the excited body 
(represented by e) within a small distance of one of 
the balls of the needle. When* the needle is suffi- 
ciently electrified, jftrst withdraw the finger, and 
then remove the ^lass tube or sealing wax. If 
now, a mineral, exated either by friction or heat, be 
presented to the needle, attraction or repulsion will 
ensue; and, the electricity of the needle being 
known, that of the mineral is determined with ease. 

117. Magnetic Apparatus. — '^ Few minerals in 
their native state," sa3r8 Aikin, ^' affect the magne- 
tic needle, but a considerable number do so after 
being subjected to the action of the blowpipe. This 
eharacter distinguidies pretty accurately the ores of 
iron from other substances.'* Fig. 40, represents the 
magnetic needle of Haiiy. The pivot and stand c, 
fig. 48, serve as a common support to this and the 
electric needle. When the magnetic needle is sus- 
pended on the point so as to turn freely, it takes its 
position in the magnetic meridian, and is prepared 
to indicate the presence of iron in any substance 
presented to it. Magnetic pyrites and some other 
substances attract either end of the mu^iet to whidi 
they are presented ; but some ores of iron possess 
polarity, that is to say, the power of attracting one 
and repelling tiie other of the poles. 

118. The quantity of iron contained in some mi- 
nerals is so small, as only to be rendered perceptible 
by a particular mode of management This con- 
sists in placing the needle in such a manner as to 
cause it to obey very readily the weakest attraction. 
We do this, by malung the north pok q£ a. tuk^SNa^ 

S3 
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A, fig. 49, point either to the east or west, by means 
of the attraction of a stronger magnet, B ; tne latter 
being so placed as to possess a power just sufficient 
to keep tne needle in the position required. If then, 
any substance containing iron, themmeralactinolite 
for example, be present^ to the needle, the test will 
be found extremely delicate. Berzelius warns us to 
take care in this experiment, not to communicate, in 
handling it, any electricity to the mineral examined, 
since it would act on the needle as a magnetic power. 

119. Addition to the Table Lamp Furnace. — Fig. 
38 represents a small vice, intended to slide up and 
down the pillar of a lamp furnace or retort stand* 
m is the opening for the pillar, k the screw by 
which it is fixed. The mouth t, receives the trian- 
gle, fi^. 37, and is tightened by the screw, /. This 
triangle is jointed at a and d, in order that it may be 
folded for the convenience of travelers. It is made 
of strong iron plate, and the length of its sides is 
2^ inches. Tne sides be and ba, contain each four 
small holes, intended to receive the ends of wires 
bent at right angles ; so that the large triangle can 
be divided into mur smaller ones. This apparatus 
is intended to support over the flame of a lamp such 
articles as small porcelain capsules, watch glasses, 
crucibles, and matrasses ; with minerals and solu- 
tions required to be heated. 

120. MisceUaneous Articles recommended by Ber- 
zelius and others. — ^A small pair of scissors. A pair 
of small tongs to hold crucibles, &c. when heated 
by the spirit lamp. A touchstone, and some assay 
needles, made of alloys of gold of different stand- 
ards, for trying the purity of gold. A polished 
blood stone, on which metallic substances which have 
been reduced but not fused, may be rubbed, to a»- 
certain if they possess metallic brilliancy. Strong 
cutting pliers for detaching small portions for assay 
from mineral specimens. Apa of common brass 
forceps, such as fig. 50, for oandling minute por<« 
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tkms of minerals to be examined^ and to take out 
the small buttons or globules of reduced metal from 
the fluxes when hot. Fig. 45, represents a small 
instrument, made of thick orass wire, bent and flat- 
tened at the ends, very useful for holdmg a watch 
glass, with any solution or substance to oe heated, 
OTer the flame of a lamp. An assortment c^ small 
glass tubes, for making test tubes, matrasses, blow- 
pipes, dropping tubes, and similar apparatus. A 
r't lamp. Magellan recommends a piece of black 
as a touchstone, which bein^ rubbed with any 
metal, if it be gold, the marks will not be corroded 
by nitric acid. 

121. A Tray — to catch the particles that may fall 
from the support during an experiment, and prevent 
our losing an assay with which we have been a good 
while occupied, is indispensable. We have already 
alluded to the use of this in paragraphs 67 and 71. 
The tray may be made of iron, not tinned, with a 
border about an inch high, and having its bottom 
covered with a piece of thick white paper. Those 
who travel will find a white earthenware dish a good 
substitute for a tray. To avoid confounding the 
assay wiUi other matters, it must be emptied after 
eveiy experiment. 



OF THE PREPARATION OF AN ASSAY 
FOR EXAMINATION BY THE BLOWPIPE. 

123. By the term ASSAY,wemean simplv the small 
piece of mineral, or other substance, submitted to 
the blowpipe for examination. This use of the word 
originated with Berzelius: its brevity renders it con- 
venient. We have thought it proper to give this 
explanation here, because we may probably employ, 
in the coarse of this work, the word assay as a verb, 
and, altet the old custom^ speak of ^^ 9«»3.^'vci%" «. 
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niiiKTal. We do not apprehend^ bowerer, that aay 
obscurity will hence anae, if the diatinction ia bonie 
in mind. 

12^). PreUminarffOperation9'^EriernalCharacien. 
— \Vhen a mineral aubstance ia to be tried, we aie 
not to begin immediately with the blowpipe ; aome 
preliminary experimenta are firet to be made br 
which those in the fire may afterwarda be directei. 
For instance, a atone is not always houuMeneooi, 
or of the same substance thnmghouty although it 
may appear to the eye to be ao. A magnifying g^as 
is therefore necessary to discover the neterogeneoia 
particles, if there be any ; and these ought to be 
separated, and every part tried by itaelf, that tie 
effects of two difierent things, examined together/ 
may not be attributed to one akme. Thia might 
happen vHith some of the finer mica, which are found 
mixed with particles of quarti ao amall aa acaroely 
to be perceived by the eye. Trap, calcareoufl apar, 
and felspar, are also found mixed together. 

1S4. It is also proper to try the subetanoe by the 
electrometer, and to ascertain if it be acted upon by 
the mofrnet : because the Electricity and Magnetiim 
of a mmeral are sometimes sufficient to mark it ao 
distinctly as to render chemical operationa unnecea- 
sary. A reference to our preceding page will explain 
how both of these properties are to be tried. 

125. Another thing which should alao be well at- 
tended to, is the specific gravity of a mineral, which 
forms one of its most distinguisfaing characters. We 
have not thought it proper however to give any diit^ 
tions for ascertaining the specific ^vity of muwrala; 
because our business is chiefly with the internal or 
chemical, and not with the external or oryctognoatie 
characters. Still it is right that we should remind 
the student of the propriety of examining a mineral 
of whose nature he is ignorant, in the first place, by 
means of the external characters ; since, m manr 
CM8CS, theae alone are sufficient to determine witn 
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accuracy the nature of the substance which is the 
subject of enquiry. But when the indications of 
the external characters do not ^vc the information 
which is sought for^ then it is necessary to have 
recourse to the action of chemical tests ; and here 
it is that the blowpipe, assisted by the action of 
fluxes, in the manner which will be presently de- 
scribed, becomes so very usefuL By removing 
doubts, destroying uncertainties, and developing a 
variety of characteristic phenomena, it so nir ex- 
plains the general nature of a mineral, that the dis- 
covery of Its name and place in a system, becomes 
extremely easy. 

126. But, supposing the student to have selected 
a piece of a mineral apparently homogeneous, and 
that the external characters, such as form, colour, 
hardness, specific gravity, &c. are insufficient to 
point out its name, a circumstance which will very 
frequently occur to a young mineralogist, the next 
thing to be attended to^ if it is intended to try the 
mineral by the blowpipe, instead of submitting it to 
analysis in the humid way, is 

127. The Proper Size of the Assay, — If the learner 
who wishes for instruction on this point, looks to 
the latest work published on the Blowjpipe, f that 
by Mr Mawe,) he will learn that " the piece oi mi- 
neral to be examined should not in general be larger 
than a peppercorn." Dr. lire's Chemical IHc- 
tionary gives the same information ; and a host of 
other writers on Chemistry and Mineralogy, also 
describe the reqidsite quantity to be '^ the size of 
a peppercorn." Bercman, however, with whom 
the specification of this bulk originated, observes 
that occasionally smaller portions must be operated 
upon; while, on the other hand. Von Engestrom 
says, " a piece of about an eighth part of an inch 
square is reckoned of a moderate size and fittest 
for experiment.** There must have been some ma- 
gic in the term peppercorn^ to induct ^fmXiet^N&'GDiS^^ 
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mdi me of it; othoiriM Aiejr woald asvcr bm 
employed il to often to denote the wbm of an anm 
wludi could not be geneMdlr mnted npon. It 
may be pretty safely aMVted that no ooKrecl m 
extended let of ezpciimenti on minwmli wiiih tiho 
blowiiipe, was erer made on piecea mearhf so ^Ituvei 
and tbat nopenon, naing ihe bfanra^ m die toS 
tune, on an assay of that aiie, nnfaaa he fieU on .» 
▼ery fiudble robstanoe, wraU be able to mafceanf) 
impression on it. It ia probable Uiat ibo fldhno 
of many penNMis who have attempted in Y«lBt».iii4 
the blowpipe^ has resulted ihira their ftilowinp lifb 
rnle of assaying pieces ''in general noi Imjgtr Aqn 
a peppercorn.*' NodiingcanbemofeofiMityihaa 
that, if thejdece be hoge. apart of it ianeesMarihr 
out of the focus of the munoe;, whidi ia hot a anaill 
point; and must tend to-oodi, not only die inq^porty 
Dutthepartof the assay hnmeraed in die bine aM 
of die flame. The oonasquence of whid^ Is;, ya* 
the heat, as it is ezdted, ia carried off; and tiM 
operator is exhanated heme the assay iii in tlw 
least affected. The fidlowing obacmttaa by 
Aiidn, and Benelinsy gite more proper ideas on 
this pmnt dian are oomnonly met indu*-^ WUh 
r^rd to the magidtnde of the apechnau Ui mhnti 
nus) required for ezaminatbn/' saya A»in» ^.w^ 
Terr precise rule can begrren: the moat lluM^ 
8ucn as some of die metallic orca, may be aa bane 
as a small pea, while the move reftaetoiT a^. lEs 
earthy minerala shoidd aearedy exceed die nukaaa 
pm's head.'* ''The mend,'* aaya Bendias!, qJa 
laigeenougfa,ifweeandistincdyaeedieeftctapwdii* 
cedonit .AiidtiwarsinorvlAM^IojWIaoar cMst 
bff using too farge, r&iker Hon les MHtBapteM^ Tlw 
pieces recommended by Von fingeatrBm and D s y^ 
man are many timea too largew Apiepefl(ribe lip» 
of a large grain of mnatarf aeed la alhaull a gWiaif 
sufficient. Even if we oonld ancoeed 'lBi(|jli|l||4la|| 
an adequate heat to ao oonaldefabte a Indk iRye|hi 
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percorn, after all, we can judge of the colour and 
fusibinty, just as well with a smaller piece, which 
requires neither so strong nor so long a blast.** 

128. Cf the Figure of the Assay, — The figure 
of the small piece which we break from a stone 
for examination is of little consequence; but it 
ought to be broken as thin as possible, at least 
at the edges; for then, the fire naving more in- 
fluence upon the subject, the experiment will be 
more quickly made. This is particularly necessary 
to be observed where those minerals are to be assay- 
ed which are difficultly fusible ; because they may 
thus be readily brought into fusion, at least at their 
edges, whereas, if the piece had been thidk, this 
w<mld have been difficult. — EngesirQm, 

1S9. When the assay can only be obtained in 
small grains, Berzelius recommends them to be 
placed on charcoal, notwithstanding their liability 
to be dispersed by die jet But when it is ]^08siUe^ 
it is best to select, or to strike from the specimen by 
the hammer, a very thin scale, or pointed or lamel- 
lar morsel, which can be held by the forceps or on the 
glass rod. And as such a fragment has generally a 
point or edge very thin or transparent, it is easy to 
learn, by exposing this to the flame, whether the a»- 
9IBLJ bie tusible or not. Accordingly as this edse or 
point retains its sharpness, becomes rounded, or 
melts, the assay is relatiyely fusible or infusible. 
It is proper to examine the edge after exposure to 
the flune by the microscope. 

130. Certain substances which are very pulvem- 
lent, or difficultly fusible, are best examined bj 
being made into a paste, of which a small portion is 
baked on the charcoal by the jet into a cake and 
then examined as directed in the preceding para- 
graph. Dr. Clarke used oliye oil to make his mi- 
nerals into a paste with, but BerzeHos recommends 
simply a drop of water. 
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OF CEUTAIX OPERATIONS PERFORMED 
WITH THE BLOWPIPE. 

131. Of the 0/)eration termed Roasting. — Thk 
consists in exposing metallic suiphurets, and other 
minerals containing (or supposed to contain^ vo- 
latile matter, to sucn a degree of heat aa ia sufficient 
to expel the sulphur or wtiatever the volatile body 
may he. In blowpipe operations^ the mineral ia ex- 
posed to the flame on charcoal, in the matraas (106\ 
m the tube (105), or on a plate of mica (102); plati- 
num foil, being liable to be acted on by the aany, 
is not used for this purpose. According to Berxelini^ 
the figure of an assay intended to be roaated ahouU 
be lamellar, and it is of imxxirtance to heat it gejkilj, 
and avoid fusion. When sulphur is auapected to 
be contained in a mineral, but cannot be perceiyai 
on account of the pungency of the odour of aome 
other body, or when the quantity of sulphur present 
is very small, it may be renderea evident hj plaong 
in the upper part of the open tube (105^ m which 
the assay is roasting, a piece of ^per tinged with 
infusion of brazil wood, tne bleaching of which will 
be effected by a portion of sulphur quite inaennUe 
to the smell. It must be remembered^ that^ unleai 
the sulphur contained in an ore be completely ex- 
pelled by roasting, the application of fluxes will be 
perfectly unavailing; for, if the smallest portion 
of that substance be left, the assay will be so affected 
thereby^ that it cannot possibly lead to any aatia&c- 
tory results. And with respect to another order of 
minerals, — Berzelius says, it is of more importance to 
expel all the arsenic mm an alloy, than the lot 
phur from a sulphuret ; as metals containing araenie 
are reduced with still greater difficulty than tboae 
combined with sulphur. 

132. Of Cupellatlon. — Bone ashes made into a 
kind of earthen support^ are used for extomporane- 
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ous cupellation. The bulk of the cupel must be 
sufficient to absorb the litharge and other impuri- 
ties^ which it is the object of this process to sepa- 
rate from the fine metal. — ^Take a small quantity of 
bone ashes reduced to a ver^ fine powder^ and^ with 
the point of a knife^ knead it in the left hand^ with 
the addition of a little soda^ into a thick paste. 
With this, fill a hole made in a piece of charcoal, 
and press its surface smooth. Then dry it by gent- 
ly heating it with the blowpijie. The assay, nav- 
ing been previously fused with lead, is now to be 
placed in the middle of the little cupel, and the 
whole to be heated by the exterior flame. At the 
end of the operation, the precious metal (gold or 
silver) will be found on the surface of the cupeL' 
The preceding directions are by Aikin and Berse- 
lius, the latter of whom adds, that this experiment 
is so delicate that grains of silver of a considerable 
size, may thus be extracted from the lead of com- 
merce. 

133. The manner of Operating on Substances which 
exhibit the Phenomenon of Decrepitation, — Some mi- 
nerals are very difficult to be kept steady upon the 
charcoal during the experiment, before they become 
red hot ; because, as soon as the flame b^ms to act 
upon them, they split asunder with violence, and 
are dispersed. This phenomenon is called decrepita- 
tion, and it is owing to the unequal expansion of 
the laminte of bodies which are miperfect conduc- 
tors of beat. Many minerals upon the application 
of heat, fly asunder at their natural fissures, and 
thereby develope their true cleavages. Decrepita- 
tion ceases when the substance has been once heat- 
ed red. In order to prevent the inconvenience 
arising from it, it is best to begin by heating the 
body as slowly as possible. First of all, the char- 
coal should be heated at the place where the assay 
is to be laid ; which being then put ,on, a little 
crackliDg will ensue, but commonVf oi'x^o^^KAX 

F 
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consequence. The flame is then to be blown very 
gradually towards the assay ; in the beginning, not 
directly upon, but somewhat above it; and then it 
is to be approached, nearer and nearer, until the sub- 
stance becomes red hot; when all the danger is 
over. This will do for the most part ; but there are 
nevertheless some minerals which, notwithstanding 
all these precautious, it is almost impossible to Iceep 
on the charcoal. Thus, says Engestrom, from whom 
this account of decrepitation is chiefly taken, the 
Fluors are generally the most difficult ; while, at 
one of their principal characters is discovered by 
their effects in the fire per se, they necessarily ought 
to be tried that way. On which account, it is bert 
to bind two flat pieces of charcoal together, cutting 
a channel alon^ the under side of the uppermost 
piece, and makmg a cavity in the bottom piece, un- 
der the middle of the channel, to contain the matter 
to be examined. The flame may then be darted 
into the channel between the two pieces of charcoal, 
and the substance, which may be considered to be 
in a closed furnace, will thus be violently heated.— 
As the fluor, however, will split and fly about not- 
withstanding this contrivance, a larger piece must be 
taken than that directed under the head stTie of the 
assay, in order to have at least something of it left. 
Very small, brittle, and powdery substances, which 
are apt to be carried away from the charoDal by the 
current of flame, may be secured in the manner 
above-described, as though they were liable to de- 
crepitate. 

134. But if the experiment is to be made upon a 
stone whose efiects one does not want to see m the 
fire per se, but rather to ascertain its habitudes with 
fluxes, then a piece of it ought to be forced down into 
melted borax, wherein some part of it will always 
remain, notwithstanding that its cracking will cause 
the greater part of it to fly away. 

13^. Beigman treated decrepitating substances 
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in the waj described above by Engerstrdm : he also 
used a glass tube and a spoon with a cover. Berze- 
lius recommends the matrass represented by fig. 36. 
Pepys invented for this purpose the forceps^ fig. 41. 
WoUaston wraps the substance in platinum foiL 
Gurney holds decrepitating bodies to the gas blow- 
pipe in a tube of platinum. 

136. Cff the Operation called l^amtTi^.— Alkaline 
earths, ^ttria, gmcina, zircon, the oxides of corium, 
columbium, and titanium, and some other bodies, 
form dear glasses with borax, which, althoi^h pre- 
serving their transparency while cooling, Becwne, 
upon beinff slightly heated by the exterior flame, 
opja^ue and milk-white— or, if heated by an inteiw 
mittmg flame, acquire a colour. In taeee cases, 
however, the flux must be saturated with the assay. 
Bodies containing silica, alumina, the oxides of iron, 
manganese, &c are not affected thus hj Jiamingj 
except the proportion of those subatanoes is exceed- 
ingly smalL-^jtfense/tW. 



GENERAL METHOD OP OPERATING 
WITH THE BLOWPIPE. 

137. Accordingly as the assay is exposed to the 
outer or the inner name, on charcoal or on metal, with 
fluxes or without, it presents numerous and varied 
phenomena, — the whole of which being carefully 
noted, form, coUectively, the result of the trial to 
which the substance has been submitted. Where- 
fore, it is indispensable that not the minutest cir- 
cumstance be left unattended to : for, if a single 
Shenoraenon be left unnoticed, the result will be 
efident and inaccurate ; and its description may be 
such as to suit, not the substance examined, but 
some totally different one. Moreover, unless this 
accuracy of observation, and precision of d»ccV!^<^\i> 
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be well attended to, the detection of elements wbose 
presence was not expected will be extremely rare ; 
and, although this art is capable of being greatly 
improved and extended, yet tne careless operator can 
neither be expected to promote its general utility, 
nor derive from it any personal advantage. We 
trust, therefore, that the young analyst will hen 
constantly in mind the necessity of observing, with 
the utmost exactness, whatever occurs during a pro* 
cess with the blowpipe. 

138. AVhen an assay has been properly prepared finr 
experiment, according to the directions given in the 
preceding pages, it is, in ittc first place, to be ^ntly 
neated, alone, in the matrass (106), to ascertain if it pro- 
duce certain phenomena, which are capable of being 
developed at a low temperature. We have thrown the 
descriptions of these phenomena into a sort of table, 
which we think will be found useful by the student 
when he takes up the blowpipe to operate. 



139. A MINERAL, in the MATRASS, ALONE, 

Ma^y or may not, 

A — Give off Water. 

Remarks. — 1. Sometimes, during decrepi- 
tation, a substance gives off but little wa- 
ter ; but, when it has ncarlv attained a red 
heat, (the point at whicn decrepitation 
ceases,) affords a pretty large quantity. — 2. 
Most hydrates retain tneir water witn con- 
siderable force. — 3. It is necessary to ob- 
serve the effect which the water, disengaged 
by a mineral, has in changing the colour of 
testjxipert, 
B^Ckange Colour, 

i. WhoUy, 
ii. Partially. 
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RsMABK. — Some minerals become spotted. 
This is owing to their conUining particles 
which are unalterable by the heat. 

C'^'DecrepUate, 

L Slightly, 
ii. Violently. 

I>— Gtve off Volatiie Matter, 

Which may be 

i. Arsenic, known by an odour resembling that 
of garlic. 

ii. Sulphur, known by the odour of sulphurous 
acid gas, nroduced by burning brimstone. 

iii. Selenium, Known by a yery strong and dis- 
agreeable odour, resembli^ that of decayed 
horse-radish. 

iv. Mercury, whose peculiarity of appearance is 
too wdu known to need description. 

Remarks. — 1. Particular attention is to be 
paid to the Colour, Form, and Consistence 
of the substance which remains after the 
operation. — % The matrass, which is used 
to separate vdatile combustibles from the 
assay by suUimation, must have a small 
body, or be a glass tube dosed at one end ; 
since, were it urge enoc^h to allow the air 
to circulate in it, the cQsenei^ged yolatile 
substances might be inflamecL 

140. Having noted down sudi of the above phe- 
nomena as the substance examined has developed, it 
is next to be tried, aUme, upon charcoal, befire the 
bhwpipejlamc, to ascertain what its habitudes may 
be in that respect. The experiment is always to be- 
gin by directing upon the assay, jfirft, the exterior 
flame, and, when the effects which that produces 
have been observed, then, the interior blue flame. 
*^ Particular care must be taken to obaerve wbethet 

r 3 
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the matter decrepiutes^ fplitt^ swelh^ lU|uefle8, boil% 
vegetates, changes colour, smokes, ia inflamed^be- 
comes oily, or magnetic, 9i^*'~^Bergmam, Th ese 
phenomena, and tneir various gradationa. form so 
many useftil characters employed bv the analT- 
tical mineralogist in discovering and distiiigaisb- ^ 
ini5 the various species of mineral compounds^ yf 
The number of these phenomena is greatly increaaed, 
and the manner of tneir developement u infinitely 
varied, by the use of substances termed fluxes ; but, 
as we have not yet treated of the nature of those 
bodies, we must, m this place, confine ourselves prin- 
cipally to the observation of such characters to are 
yielded by minerals tried in the heat of the flane 
(Hone, or, as it is technically termed, per se. The 
principle which induced us to give a tabular tow 
of the eflfects produced bjr expodnga mineral to heat 
in a matrass, actuates us in eivingnere a nmilar ta^ 
ble of the phenomena developed oy a substance m 
circumstances quite different. 



141. A MINERAL, ON CHARCOAL, ALONE, 
EXPOSED TO THE BLOWPIPE FLAME, 

May, or may not, 

A — Give off Volatile Matter^ 

After having been gently heated. 

Remark. — ^The presence of volatile matter 
is ascertained by holding the assay to the 
nose immediately upon takins it nam the 
flame : its nature is indicated by the cha- 
racters described at par. 139, D. 

B—Bevehpe the Odour of Sulphury 
C'—Develope the Odour of Selenium^ 
After roasting by exposure to the oxidating flame. 
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D — Develope the Odour <tf Arsenic, 
After roasting by exposure to the redudng flame. 

Remark. — The oxidating flame> says Ber-* 
zelius^ renders the odour of sul]phur and 
selenium more sensible^ the reducmg flame 
that of arsenic : whence the distinction here 
made. 

"Et^^Decrepkate, 

i. Slightly, 
ii. Violently. 

F — Become Magnetic ajler Roasting^ 

G—Fuse, 

i. Wholly, 
ii. Partially, 
iii. Quickly, 
iv. Slowly, 

v. Assuming a thick pasty appearance, 
vi. Assuming the appearance of a liquid. 

H — Intumesce, or Bubble-up, 

i. Slightly, 
ii. ViSently. 

I — Effervesce, or Sputter, 

i. SUghtly, 
ii. Violently. 

Remark. — ^Effervescence, according to Dr 
Ure, is occasioned by the liberation of some 
species of gas; to wnich cause Berzelius at- 
tributes Intumescence also. He owns, how- 
ever, that these phenomena require investi- 
gation. But, in the meantime, they afford 
characters bj which to' distinguish sub- 
stances thatm other respects are. alike. 
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K^ Volatilize, or tknm off Ft 

L Slight, 
ii. Copious, 
iii. \Fhite, 
iv. Coloured, 

Which either 
a Leave a remainder, 
b Leave no remainder, 
c Condense in a pulverulent Ibrm oo die sup- 
port, 
d Do not condense in a pulverulent form on 
the support. 

Remare. — ^The prochiction of the metidlic 
oxides in fine powder, upon the stq^port, 
during the experiments, is owing to the 
combustion of the metals at the instant qH 
their revival ; as, also, is the tinge of the 
coloured flames by wMch the same are ac- 
companied. 

L — Colour the Flame qfthe JeL 

M — Buruy 

i. With a Flame, 
ii. Without a Flame. 

Remark. — ^When with a flame, the colour 
is to be noticed. 

N -^Change its Colour^ 

i. Once, 

ii. More than Once. 

Remarks. — 1. Very remarkable changes of 
colour are produced when fluxes are used. 
A curious example will be given, when we 
come to speak of the fluxes, in which oxide 
of manganese will be exhibited as changing 
its colour repeatedly during the course <? 
one experiment.— -2. The colour acquired, 
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and its intensity, are to be caiefidly ob« 
served ; also, at what period of the process 
the change takes pUce. — ^3. As the colour 
produced is one of the most certain indica- 
tions of the nature and proportions of the 
metallic matter containea in the assay, this 
point must be well attended to. 

O— -Be Absorbed by the Support. 

Remark. — ^This sometimes takes place after 
fiision; but, in most cases, by a continuance 
of the flame, the substance is pumped up, 
and made to appear again on the surface of 
the charcoal. 

P — Fuse, but mill yield a Result, 

Which may be 
i A Bead of Metal, 
ii. Ashes or Powder, 
iii. A Glassy Globule — 

a Transparent, Wholly; partially, or not at all, 

b Filled more or less wuh air bubbles, 

e Perfectly colourless, 

d Tinged to a greater or less degree with some 
colour, 

e Homogeneous, 

f Heterogeneous — 
iv. A White Enamel, 

a Smooth, 

b Having the appearance of a frit, 

c Homogeneous, 

d Heterogeneous. 

Remarks. — 1. It is to be noticed, whether 
a glass which appears dull be really opaque, 
or is rendered apparently so by the air- 
bubbles it contains.— 2. It is also to be ob- 
served, whether the appearance which a 
glassy elobule has when hot, continues dur^ 
ing uid after cooling; or, if «irf %egA ^\)a^ 
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change takes place.— & Another thins to 
be obserred is, whether a labBtaBce which 
hail once undergone fiuion, eontinues fiui- 
ble^ or has become incapab^ of it. 

(ieneral Ohjifrrativms, — In all the preced- 
ing casei, it is necessair to notice, whether 
the phenomena are proauoed hv the interior 
or the exterior flame ; and wnether npon 
the immediate application of the flame^ or 
after having for some time realsted its ac- 
tion. It is also necessary to notice the or' 
tkr in which the different phenomena are 
developed, which will rarely be the same 
as that in which they are here described. 
Often, indeed, several characteristics arc 
exhibited at the same time, and it requires 
a quick eye, and close attentioDj to ohserye 
and distinguish them. 



OF FLUXES AND RE-AGENTS. 

I VZ. When we have observed the alteration which 
th (f RKsay i s in ade to undergo by the mere action ofheat, 
it iH then ncceKsury to examine what farther change 
talccH plac^, when it is subjected to other trials with 
i\\v additiun of fluxes, — which are substances of 
Huch importance in this art, that it is necessary to 
KjH'uk of them KOtnewhat in detail. 

1. — The Nature and Uses of Fluxes. 

1 \\\. The iam/lux is applied in chemistry to those 
KuliNianceH, which, when added to metallic ores, and 
other mineral bodies, assist tbeir fusion upon expo- 
Niire to the action of fire. Thus, either potass or 
mmIu, pure or carbonated, is capable of forming a 
i'uHiblo con^wund with all siliceous minerals; as is 
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borax with sach as are ahiminons. Fluxes^ in short, 
act upon refractory sabatances in the drm way, in 
the same manner that floidft act upon aoUds in the 
humid way ; but their action is not uniformly the 
same — ^in some cases it is mechanical, in others che- 
mical. Sometimes the add which is attached to a 
metallic oxide, and prevents its reduction to the me- 
tallic state, is separated by the superior affinity of 
the alkaline or euthy base of the salt which is used 
as a flux. In other cases, metallic oxides, which 
strongly retain their oxygen, are reduced to the 
metafiic state by being fused with iniammable bo- 
dies which combine with the oxygen, and sometimes 
carry it off in the state of gas. 

144. In both these cases, the flux is to be consi- 
dered as acting chemically. But as, in the reduction 
of a metal, it might frequentiy be divided into mi- 
nute particles, whidi it would be very difficult to 
collect, it is advisable to have some substance pre- 
sent, capable of being easily melted, and of allowing 
the metallic particles to suoside through it, so that 
they may conglomerate and fwm a single button, 
instead (tt presenting themselves in scattered grains. 
Here, then, it is requisite to have a flux which shall 
act mechanically. 

145. The hiUHtudes of minerals with the fluxes, 
affinrd much useful information respecting their na- 
ture. Thus, siliceous stones never melt alone, but, 
with borax and soda, form a ^ass : gold imparts to 
borax, phosphate of soda, and boradc acid, a ruby 
colour: sUver tinges those fluxes orange colour: 
copper produces, with tiie same fluxes, a blueidi 
green pearl : iron tinges tiiem green : tin produces a 
whitisn opaque enamel : antimony aflbrds a hya- 
cinth-coloured glass, partly flies off in white fumes, 
and deposits a white powder on the support : arsenic 
diffuses white fumes when heated on cnarcoal, and 
produces an odour like that of garlic : cobalt stains 
a large quantity of borax intenady blue, aioidLtexiA 
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uitli it a blue glass : oxide of manganese has the sin- 
gular ])roperty, under certain circumstances^ of r^ 
pcatcdly clianging its colour^ as may be shewn in the 
luUowiiig inaiiULT : — 

I i(). Melt a small quantity of phosphate of 
soda, or glass of borax, with the blowpipe flame, 
u])()n a piece of charcoal, and add to it a very 
small i)ortion of black oxide of manganese, melt the 
mixture together by the inner blue flame, and the 
gl()l)ult.' will assume a violet or purple colour. Then 
fuse it again, and keep it in a melted state for a 
lunger time, the result of which will be, that tbs 
violet colour will vanish. This being effected, 
melt the colourless globule by the exterior flame ot 
the l)lowpipe, and the purple colour wiU re-appear ; 
but becomes, as before, again destroyed by a longer 
continuance of the heat. The smallest particle of 
nitre, laid upon the globule, also immediately re- 
stores the red colour. If the globule, when colour- 
less, be melted in a silver spoon, or on an iron plate, 
or any metallic support, instead of being on the char- 
coal, the violet colour returns, and will not he again 
removed by any continuance of the heat, so long as 
it remains on tuc metallic support. — ^Accum, Chemi' 
ca! Tests. 

147. Some minerals, such as dioptase, if treated with 
fluxes, without having been previously heated red 
hot, dissolve with effervescence, which is occasioned 
by the disengagement of carbonic acid or water; 
whereas, were they heatecl before being added to the 
flux, no such effect would ensue. This is mentioned 
for the purpose of shewing the necessity of paying 
attention to all the steps ot a process, and euflering 
nothing to pass unnoticed. 

2. — Of Tests, or Re-agents. 

148. " Wlien, in an analytical pursuit, the olject 
of inquiry is — ^What are the elementary parts of • 
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certain oonipound ?^we expose that compound^ un- 
der particular circumstances, to the action of certain 
bodies or powers^ which it is expected will chemi- 
cally act upon it ; and which, when they do, produce 
dianges so obvious to the senses, as to enable us to 
deci& whether the compound does, or does- not, con- 
tain the principles which it was suspected to con- 
tain. TThus, in experiments perfcmned in the humid 
way, it we suspect a liquid to contain t'ro/i, we add 
to it a few drops of an infusion of galls ; upon which^ 
if iron is present, a dark purple precipitate will be 
formed. In sin]d]ar circumstances, if a solution of 
prussiate of potass is used instead of the infusion of 
sails, a precipitate of a brilliant blue colour will be 
me result. And it will be seen in our experiments, 
that nitrate of cobalt has a remarkable dfect upon 
substances which contain alumina or magnesia.^^ 
The bodies or powers, which produce these chanj|;e8 
are called tetts or re^agents ; the proper application 
of which constitutes me chief part of the proceed^ 
ing caUed chemical analysis." — Chemical jRecrco- 
tions. 

149. With the exception of heat, electricity^ mag- 
netism, and the action of the fluxes, very httle use 
is made of chemical tests by the operator with the 
blowpipe, excepting, which is a very advisable mode 
of procedure, he combines experiments in the humid 
way with the processes which are peculiar to his own 
art. In many cases, the use of the blowpipe, on ac- 
count of the quickness of its action, and me certainty 
of the indications it produces, is superior to any other 
kind of analytical operation ; but, m other cases, it is 
useless, and recourse to an experiment in the wet way 
is indispensable. In former times, the operators by 
fire and by water were fierce rivals, and mutual des- 
pisers of each other's plans; but, philosophers of 
the present day have perceived, that each mode of 
proceeding has its advantages, and accordingW they 
neglect neither, but occasionidly make u«& ^ VnK^. 



a. 
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3. Individual CHAaACTERS of the Fluxes 
AND Re-Agsnts. 

150. Having given a concise account of the gene- 
ral properties of these agents, we proceed now te 
state their individual peculiarities, and to describe 
the method of obtaining them in that high state of 
purity, in which it is necessary to make use of them, 
to ensure accuracy in our experiments. 

lai. The most useful fluxes for the blowpipe are 
the following : — 

1. Borate of Soda, commonly called borax, 

2. Sub-Carbonate of Soda, 

3^ MicaocosMiG Salt; a compound, qf phos- 
phoric aqidf soda, sud ammonia; ifoevomk 
by Borzeliusj Salt qf Phosfhorus, 
ThesQ tlu^ substsnces wene employed by- CiwDr- 
stedt, and have been used by every operator firom 
his time tq the pi^es^nt. And it is not a littte sin^ 
gular, 86 BeraeUus ha« i!emark;ed^ that, in the infan- 
cy of the art, the best aids to it should at once have 
been hit upon ; yet, so it is> and amid the muUilnde 
of substances which have been tried since the abow 
were first made use of, there is not one that is pre-^. 
ferable, or ev.en equal, to either of these in lt^p0n 
oqliar province. For particulap purposes, aevcral 
pUier fluxes have indeed been invented : but^ thongb 
it is necessary to have these at hand mr occaaionaL 
use, they are of but little importance, and: are not aft 
all to be compared, in respect of utiUty, mth thoM 
named above* 

15S. For the sake of brevity, when we come to 
describe experiments, these three fluxes will be aUkd 
simply borax, soda, and nUc* salt. 

1SB> These substances are to be kept, ready poLi. 
vensed, in small pluaks» attdwhen used, a suffioieni 
quantity for an expeiimeD^t uvs.^ \^ Xakenxx^ V| tbt{ 
point of a small kQifS^ pKeN\o\v£li mQSs^«Gi^>a|.^QBte. 
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mouth to make the Dowder adhere to it. It is then to 
be applied to the palm of the left hand^ and kneaded^ 
60 as to form it into a coherent mass^ with the addi- 
tion of a drop of water if reqtiired. If the assay is 
in a pulyenilent form^ it may be kneaded in the hand 
with the flux ; but if it be in the form of a spangle or 
grain^ the flux is flrst placed on the charcoal^ and br 
means of the flame^ ffiadually applied^ is heated tiu 
it melts into a clear bead. The substance which is 
to be examined is immediately to be placed in the 
melted flux^ and is then reauy to be submitted to 
the action of the blowpipe. 

Borax. 

ISi. This excellent flux^ is of the greatest senrioe 
in analyses by the blowpipe. Its use is founded 
upon the tendenc}r of its component parts to enter 
into composition with mineral Dodies oy fusion^ and 
form yanous kinds of double salts. *' Each of its 
principles/' says Bergman^ '^is separately fusible^ 
and each dissolyes a great number of other matters." 
The whole of the compounds it forms are more or 
less fusible^ and form glassy gbbules^ the nature of 
the colour, and the d^;ree of the transparency of 
which, affiird indications whereby we can judge of 
the nature of the substances which haye been sub- 
mitted to experiment. 

155. To obtain pure Borax, — Gahn found that in 
fusing borax of commerce with soda on charcoal, 
till the twt> salts were absorbed, ^ere was fluently 
obtained a white metal, which was probably deriyed 
from the yessels in which the borax nad been prepar- 
ed from tincal. Borax is also often adulterated with 
alum and with fiised muriate of soda. To get rid 
of the '^ white metal," Berzelius informs us. It is 
merely necessary that the borax should be dissolyed 
and crystallixe4 afresh. The presence of the other 
two foreign bodies may be detected thlu i-^iyMtf^^ 
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the borax in water, and saturate its exceaa of alkali 
with nitric arid. To a portion of this aatonled aoln- 
tion, add nitrate of barytes : if alum beptreieiit, apte* 
dpitate of sulphate or barytes will be formed. To 
another portion^ add nitrate of ailver : if moiimte of 
soda be present^ muriate of silver will be precipitated. 
Chaptal found the simplest method of purifying the 
borax of commerce to consist in bdlipg it Btrong^y, 
and for a lone time^ with water ; this forma a so- 
lution which Dy evaporation affinrdspure crystals. 

156. The way to keep Borax for ExnerimenU with 
the Blotvpipe, — ^is either in the state or small crystals 
of the size required for an assay^ or in powder, in 
which case, as we have before mentioned, it is taken 
up by the moistened point of the knife. ** Crystal- 
lized borax," says Bergman, " exposed to the flame 
upon charcoal, at first becomes opaque, white, and 
wonderfully intumescent; it throws out bnmches, 
and various protuberances ; but, when the water is 
expelled, it is easily collected into a mass, which, 
when well fused, yields a colourless spherule, that 
retains its transparency even after cooling." — ** Some 
operators," we may add from Berzelius, '* faae it^ to 
get rid of its water of crystallization, and thus avoid 
the intumescence which precedes the fusion of the 
crystals on the charcoal. This were a Tery good 
precaution, but that the borax soon recovera its wfr- 
ter of crystallization, and swells up before the blow- 
pipe as at first, though in a rather less degree. lal- 
ways use my borax uncalcined ; for the intumesoenoe 
is a slight mconvenience, and it is easy to mdt the 
mass into a globule." 

157. The number of substances, the fusion or solu- 
tion of which we effect by means of borax, is veiy 
considerable, as will at once be seen on a reference 
to the experiments in the following pages. The 
chief distinctive characters obtained by treating a 
mineral with this fiux, are the following : Uie degree 
of its solubility, and whether it be effects quioklj 
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or dowly^ with efibrvesoence or without; the oolonr 
communicated to the glass; the alteration which 
takes place with regard to transparency ; and whether 
the elohule hecomes opaque by flaming ^see 136). 
Of tne minutiae which are to he observea when a 
mineral is fUsed with this or any other flux we shall 
presently give a tabular view ; so that we need not 
enter into particulars here.-^With respect to the form 
of the mineral to be examined with borax^ it is bet- 
ter^y Berzelius tell us^ to begin by attempting th^ M>« 
lution of a spangle rather man of powder. 

Soda. 

158. In the emj^oyment of soda as a flux befolr^ 
the blowpipe^ we have two principal objects in view. 
-—The flrst is^ to tucertain whether bodies eomhined 
with it are fusible or infusible : the second^ to effkct 
the reduction of tnetallic oxides with gteoiet' readtnesi* 
-— '^ In boih of these respects/' says Benselius^ " it is 
one of the most indispensable re-agtents." Bpeak^ 



ing^ also^ in another place, of the reduction df Ine* 
taliic oxides by means of tloda, Bers^lius remarks, 
** This mode of assayitig, by which we often discio- 



ver portions of reducible metal so minute as to 
cape detection by the best analyses made iti the moist 
way, is, in my i^inion, the most important discovery 
that Gahn ever made in the Science of the blow- 
pipe." 

159. To obtain Soda.^^Thete are two distinct 
compounds of carbonic add and soda ; the one cotl* 
tainmg precisely half as much carbonic acid as the 
other. We may use indifferently either the one or 
the other for the blowpipe ; but the first, or sub-car'- 
boilate is generally prefemd. ^^This,'' as we are 
UM by Gahn, ''must be free froni all impurity, 
and especially from sulphuric acid, as this will be 
decomposed, and sulphuret of soda will be formed, 
widdi will disso^e ihe tnetals we wish to tttlASft^ 

o 2 
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and produce a l>cad of coloured glass with substances 
that would otherwise give a colourless one." But 
the hariila, or soda of commerce (which is asub-car- 
fx)natc) is almost always in a state of impurity. Fre- 
(juently it contains sulphate of soda and carbonate of 
potass, and is scarcely ever found free from nmriate 
of soda. Klaproth's mode of obtaining this salt per- 
fectly pure, is as follows : — Dissolve common sub- 
carbonate of soda in water, and saturate this solution 
with nitric acid, taking care that the acid is a UtUe 
in excess. Then separate the sulphuric acid by ni- 
trate of barvtes, and tlie muriatic acid by nitrate 
of silver. The fluid thus purified, which is nitrate of 
soda, must be evaporated to dryness, fused, and de- 
cx)mposed by detonation with charooaL The residue, 
is to be lixiviated, and the solution to be set to crys- 
tallize, when the sub-carbonate of soda will be pro- 
duced. If the salt be adulterated with potass, tartaric 
acid will form a preci^iitate in a pretty strong solution 
of it. — Thefc^lowingsimple process wUl give sub-car- 
bonate of soda in a state ot sufficient purity €at all 
purposes but those of great nicety. Disaolve the 
salt which is obtained from the drug^ts, in a small 
portion of water, and Alter the solution ; this clears 
It from the admixture of earthy bodies. Slowly 
evaporate the filtered solution bv a slow heat ; very 
small crystals of muriate of soda will form on the 
surface, and must be skimmed off. When these 
cease to appear, the solution may be suffered to cool, 
and the purified sub-carbonate of soda will crystal- 
lize. — Tne salt is to be reduced to fine powder for 
use. If we ignite it previously, we get rid of its 
water of crystallization, and render it less bulky ; 
but then, there is this inconvenience produced: 
When we touch it with a wet knife, the moisture 
gradually communicates to the whole mass, and 
causes it to cohere in coarse lumps. 

160. 0/ the Fusion of Bodies with Soda ^Whcn 

an assay is exposed to tnc blowpipe mixed with Uiis 
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flux^ it commonly happens that tlie soda sinks into 
the charcoal the instant it is melted. *' Soda>" says 
Gahn, '^ will not form a bead upon charcoal^ but 
with a certain degree of heat will be abscnrbed. 
When, therefore, a substance is to be fused with 
soda, this flux must be added in very smaU portions, 
and a very moderate heat used at first, by which 
means a combination will take place, and the soda 
will not be absorbed/' But if too large a quantity 
of soda has been added at first, and it has conse- 
quently been absorbed, this does not prevent its 
action on the assay ; for if it be fusible with the 
soda, andilie heat lie continued, the flux ispumped up 
again, the assay efiervesces on the surface, its edges 
are gradually rounded, a combination ensues, and 
the whole is transformed into a fluid glassy globule. 
An assay which may be decomposed by soda, but is 
not capable of fusion therewith, may he observed to 
swell up slowly and change its appearance without 
fusion. Some minerals are fusible with soda, in 
powder, but not in any other form ; others, combine 
readily with very small portions of soda, melt wiUi 
difficulty if more be added, and are absolutely 
infusible with a lai^r ouantitj. Again, ''If we 
take too little soda," says Berzebus, '' a part of the 
matter remains solid, and the rest forms a trans- 
parent vitreous covering around it ; if we take too 
much, the glassy globule becomes opaque on cooling." 
From these examples, we see the necessity, ere we 
pronounce on the infiudbility of any substance with 
soda before the blowpipe, to try a mixture of the 
mineral and flux, in different proportions. — This 
flux is particularly adapted to the solution of silice- 
ous minerals. 

161. Sometimes the glass formed with soda, ac- 
quires, as it cools, a deep yellow or hyacinth red 
colour. When this happens, the mineral or the 
soda contains sulphur or sulphuric add. If it takes 
place with every glass whicn is fcnrmed by the same 
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soda, it is a proof that the flux contains sulphate of 
soda, in ¥^hich case it must he rejected. But if the 
discolouration takes place only in particular in- 
stances, it is then the assay that contains sulphur 
or sulphuric acid. 

162. Reduction of Metallic Oxides bif meant of Sodtu 
— This subject is treated of by Gahn, in the article 
referred to at paragraph 9, and by Berzelius, in his 
work on the blowpipe. The following information 
is derived from these two sources. 

163. If a small portion of oxide of tin he exposed 
to the blowpijie, on charcoal, a skilful operator may 
poduce from it a small grain of metaluc tin ; but 
if a little soda be added, the reduction is earily 
effected, and so completely, that, if the oxide he 
pure, it is wholly converted into r^pUine tin. Soda, 
therefore, manifestly favours the reduction; although 
we are ignorant of its precise mode of action. But 
if the metallic oxide contain a foreign body, incapa- 
ble of being reduced, the reduction of tne former 
often becomes in consequence more difficult. Hence 
arises a question of considerable importance, — How 
are we to discover that an assay, consisting diieflv of 
substances that are irreducible, contains a reducible 
metal? and if it does, how can we prove it?— The 
following simple solution of this problem, was dis- 
covered by Gahn. 

164. The fflasB bead, formed after the manner tl* 
ready pointed out, is to be kept in a state oi fusion on 
the charcoal as lon^ as it remains on the surface, and 
is not absorbed ; in order that the metallic particAet 
may be collected into a globule. A little more soda 
is then to be added, and the blast renewed and ood^ 
tinued till the whole mass is absorbed by the char- 
coal. During this operation, as strong a neat as pos- 
sible must TO poduced, by directing the neducinff 
flame, so as entirely to cover the surface of ihtfiamn 
mass. The s^ where the absorption takmjibut, is 
to be strongly ignited by a tube with a amall fcftMim. 
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By this ineans^ the portion of metal which previously 
escaped reduction, will now be brought to a raetaltic 
state. This done, the charcoal is to be extinguished 
by a drop or two of cold water, and that part contain- 
ing the absorbed matter is to be taken out with a 
knife, and ground to a very fine powder, with distil- 
led water, in a crystal or agate mortar. This powder is 
then to be washed with water to free it from the soda, 
which willbe dissolved, and from the charcoal, which, 
forming its lightest jrart, will float on the water, and 
may be poured o£P. The dropping tube is made use of 
for the washing. In this process, we must particu- 
larly attend to three things. First, to take every par- 
ticle of the assay out of the charcoal, and be cautious 
that nothing is lost in conveying it to the mortar. 
Secondly, to grind the carbonaceous mass to an im- 
palpable powder. Thirdly, to decant the water, 
loaded with supernatant charcoal, with the greatest 
care and gentleness; so that the heavier metallic 
particles be not disturbed and carried off. The grind- 
ing and washing are to be repeated till every atom of 
the charcoal is got rid off; since the smallest re- 
maining portion would confuse the examination of ^ 
the assay, either by concealing the little metallic ' 
spangles, or by exhibiting itself a pseudo-metallic 
lustre sufficient to deceive an inexperienced eye. 

165. When the whole of the charcoal is removed, 
the substance which remains behind may be exa- 
mined. We must not be content with looking at 
the result with the naked eye, but must inspect it 
carefully by the microscope, and examine its rela- 
tions both to reflected and transmitted light. If the 
assay contained no metallic substance, nothing will 
remain in the mortar after the last washing. But if it 
contained a portion of reducible metal, be it ever so 
small, it will certainly be found at the bottom a£ the 
mortar — if frisible and malleable, in the state of 
little brilliant leaves ; if infusible and brittle, in the 
state of powder. In either case, the bottom of tha 
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mortar will exhibit mettlliferouB tnoes. The flat- 
teniDg of malleable metals tnoiBforma an imperoepti" 
ble particle into a rouDd shining disc of sensible oia- 
raeter. Thus we may detect, 1^ the blowpipe^ in an 
assay of the common magnitude, a portion of tin 
forming but the two hundredth part of its bulk. Of 
copper, even the slightest traces may be discovered. 
Most of the metals may be reduced by this process. 

166. If an assay contains 8 or 10 per cent, of me- 
tal, its reduction is always effected at the first trial ; 
but as its proportion decreases, the operation neces- 
sarily becomes more difficult. The learner should 
pactise himself in this kind of process, hy select- 
ing a substance containing copper^ and mating se- 
veral experiments of reduction with it ; mixing it 
every time with a larger nroportion of matter contain- 
ing no copper : the metallic standard thus diminishes 
with every fresh experiment, and when such a pro- 
portion is arrived at, that the reduction of the copper 
is not effected by a first operation^ the experiment 
must be repeated till it is successful. By exerdsing 
himself in different trials of this sort, he will soon 
become expert in such operations, whidi only require 
a little practice and adctess. 

Mic. Salt. 

167. Also called Microcosmic Salt, Salt of Phoq>ho» 
rus, and Phosphate of Soda and Ammonia.—- Dr Ure 
tells us, that this compound is best procured by mixing 
equal parts of the phosphate of soda and phosphate of 
ammonia in solution, and then crystallizing. A faint 
excess of ammonia is useful in the solution. BeraeUus 
instructs us as follows : To procure tibis salt, dissolve 
16 parts of sal-ammoniac in a very small ouantity of 
boiling water, and add 100 parts of crystamsed phos- 

pbate ofsodaL; liquefy the whole together by neaty 

and Alter the mixture wlii\e XxAl^xLttYkox \ V^^scraMe 

salt will crjBt^ae as it oocjb. vt ^^^ «^^* ^am^ 
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before the blowpipe be not pure, it produces a glass 
which becomes opaque on cooling. In which case, 
it must be re-dissolved in a very small portion of 
boiling water, and crystallised afresh. 

168. Mic. Salt may be kept for use, either in pow- 
der, or in crystals, which are generally of a conve- 
nient siste for experiment. Exposed to the flame of 
the blowpipe on charcoal, it intumesces considerably, 
and continues boiling, with a crackUng noise, until 
the water and ammonia have flown off. It is now 
converted into acid phosphate of soda, which fuses 
without agitation, and produces a pellucid spherule. 
Its use as a re-agent rests on the action of its free 
phosphoric add, which seizes with avidity on the 
oases of the assays, and forms with them double salts; 
all of whidi are more or less fusible, and give useful 
indications, with respect to their nature^ in the colour,, 
and the dmee of transptf ency which they possess. 
This salt, therefore, exhibits the action of adds on the 
assays, and is mcnre particularly applicable to the exa- 
mination of the metallic oxides, whose characteristic 
colours it developes much better than borax. More- . 
over, the dear globule which is formed when the- 
fliix is first melted, continues soft mudi. longer than 
that formed by borax*, and therefore is more fit fin* 
the adJdition at the matter which is to be dissolved. 



169. Having given a pretty-detailed account of the 
fluxes which- a^e most gsnei^y usedy. we. can. but 
briefly notice the remaining substances. Indeed it 
is. unnecessary to- speak of uiem at an^ grsat length, 
as the use o£ most of them is very limited. 

170. Soluiion qf €obalt — ^This is nitrate of oobalt 
dissolved in watec> and somewhat concentrated. It 
must, be perfectly pure; andespetdally free from al- 
kali. It is a test for alumina and magnesiab \ ^^Xk^ 
dndng with the ibrmer, after vidU!ixU\!|gD&!d0i^)9L^ai^ 
blue colour,, wiib the latter, a peleToaeiTfidu 'W&a 
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re-agent operates even in the presence of silica.—- 
An assay which is ahsorhent is moistened with the 
solution, and heated strongly, hut not fiised : if it 
contains alumina, it hecomes blue, if it contains 
magnesia, it becomes red. Mark, that, the assay 
is not to be fused; only heated strongly. The 
reason of this is, that minerals which contain lime 
or alkali, without alumina, also become blue with 
solution of cobalt, when they are fused, but not till 
then ; whereas, sdumina produces a blue colour by 
heat alone, without fusion.— Hard stones are ground 
with water in the agate mortar till reduced to a pap. 
A drop of which is laid on the charcoal, and a drop 
of the solution of cobalt is added to it ; the mixture 
is then exposed to the blowpipe, and graduaUy heated 
to redness. If the mass, when Mked to a oJce, 
loosens from the charcoal, it may be held by the for- 
ceps. When it has been heated bright red, it must 
be left till it is completely cold, and the colour must 
be examined by day-light. We owe this test to the 
experiments of Oann. — It is proper to remark, that 
the presence of a metal in the assay, or, of an alkali in 
the solution, destroys the action of the teat. 

171. Saltpetre. — This is used to complete the oxi- 
dation of substances which have partly resisted the 
action of the exterior flame. Tne point of a long 
thin crystal is plunged into an assay while it is hot 
and liquid. 

172. Vitrified Boracic Add. — ^Kept in coarse pow- 
der. Used to detect phosphoric acid in minerals. 

173. Oypmm and Fluorspar, — Kept well dried. 
Used onlj to detect each other. A piece of Uie 
former with a rather smaller piece of the latter, fiue 
together before the blowpipe into a transparent colour- 
less bead, which assumes the appearance of an ena- 
mel when cold. In other proportions they fuse, but 
not perfectly. 

174. Tin, '^Employed in the state of foil, cat 
into slips, and closely rolled up. Its use is to pro- 
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mote reduction in the highest degree in the fused 
TilrcouB GotDpound^" ArzeUu^ When the end 
of the roll is dipped into a fused globule^ the tin 
acts hj absorbing oxygen from the assay. 

175. Iron, in the state of harpsichord wire^ is 
employed to precipitate copper^ lead^ nickel^ and an- 
timony^ and to separate them from sulphur or fixed 
acids. It is dipped into a fused assay^ and the blow- 
pipe directed upon it^ when it becomes coroed with 
the reduced metaL 

176. Silica, in a state of purity, forms a fVisible 
glass with soda, which serves to detect the presence 
of sulphur or sulphuric add. 

177. Oridt of Copper is used to detect t^e presence 
of muriatic acud. 

178. TeH Panenf^. respectively tinged with tincture 
of litmus, brazM wotd, and tucmenc^ aie useful re- 
agents in. a. yaxiety o£ cases. 



1119. We Iiave now described the whole of the 
fluxes which ace generally used in analyses by the 
blowpipe, and ha.Te detailed at length their indivi- 
duaLchaiacteristica. We shall complete this part of 
ihe' sul^ject by introducing a tabidar view of the 
phenomena which minerals, when heated with Jtuxes, 
on charcoal, before the blowjnpe, usually developed 
The analyst will probably nnd thia to oe of ood^ 
siderable service ; as it will show him, at one view, 
what he has principally to attend to^ when he takes 
up the instrument to operate. 



u 
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180. A MINERAL, ON CHARCOAL, WITH 

EITHER OF THE FLUXES, 
EXPOSED TO THE BLOWPIPE FLAME, 

May, or^may not, 

A — Fuscy 

i. Wholly, 
ii. Partially, 
iii. Quickly, 
iv. Slowly, 

V. Assuming a thick pasty appearance, 
vi. Assuming the appearance of a liquid. 

Remark. — ^When an assay only partly 
fuses, notice the appearance of that portion 
which remains uneombined, and what be- 
comes of it Sometimes, an assay is merely 
corroded on the surface ; in other cases, it 
is divided into powder. The residue of 
some minerals which partially ftise wiUi 
fluxes, is a sort of skeleton of silica. This 
is especially the case when siliceons mine- 
rals are Aised with mic. salt: a glass is 
farmed, which on cooling is sometimes 
opaque, sometimes transnarent, and a siUca 
skeleton remains unAisea. 

B-^ntuwiesce, 

i. Sli^tly, 
ii. ViflenUy. 

C — EffervetcCf 

i. Slii 
u.Viol 



lightly, 
'iolently. 



Remark. — Observe whether the Intumes- 
cence or Effervescence occax%\N&Rft Cuaioa 
or after. 
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D — Become more Transparent^ or 
Become less Transparent. 

Remark. — ^The degree of the alteration in 
the transparency of a mineral, and the 
period of the nrocess when the phenomena 
occurs, must he noticed. Some minerals 
before the blowpipe, change from opaque to 
transparent, others from transparent to 
opaque ; while a considerable number pre- 
serve their original character, whether of 
opacity or transparency. 

E — Cliange the Colour of the Flux. 

Rexabks. — 1. Very remarkable changes in 
the colour of fluxes is produced by heating; 
them with different minerals. Indeec^ 
this is one of the most important of the 
pyrognostic characters. Paragraph 146, 
exhibits a curious and instructiye example 
of the mutual action of borax and a metal- 
lic oxide. 2. Not only the colour acquired 
by a flux, and the degree of its intensity, 
but the period of the process at which the 
change takes place must be noticed. 3. 
When a change takes place more than 
once, every successive tinge must be parti- 
cularixed, and it must be noticed whether 
the alteration occurs in the exterior flame 
or the interior. 4. Sometimes the colour 
of the fused assay is so intense that the 
plass appears opaque. Gahn recommends, 
m this case, that the glass be broken^ and a 

Sart of it mixed and fused with more of the 
ux, imtil the colour becomes more pure 
and distinct. Berzelius says, we may 
ascertain its transparency b^ ^o\^Ti% ^«& 
slobnle, in a certain dixection, o^-^gwwXft ^^ 
ttame of the lamp, wbeu ^e xiivj ^^'osv- 
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fohh, even in broad dfty-light^ the leversed 
image of the flame painted on the ^ass^ iu 
the colour of the latter. The bead while 
soft may be flattened between the daws of 
the instrument repreaented by figure 32, 
prenously healed ; or it may be drawn out 
into a fine thread. 5. As toe colour pro- 
duced^ is one of the moat certain indications 
of the nature and proportions of the me- 
tallic matter contained in an aasay^ this 
point must be well attended to. 

F — Detonate. 

Remark. — ^A slight Detonation aometimes 
talces place^ on diarcoal, before the blow- 
pipe, especially when Nitrates aie operated 
upon. 

G — Be Absorbed htf the Support, 

Remark. — ^This generally h^ipens when 
soda is used, at the early part o£ the pro- 
cess. See paragraph 160^ where the me- 
thod of trotting minerals wiA soda is de- 
tailed. — Sometimes the hqaid glass formed « 
by the fused fiux and assay is absorbed by 
the charcoal, leaving the metallic portion of 
the substance under examinatioB, upon its 
surface, reduced. The method of separat- 
ing the assay from the charcoal when 
absorbed, especially in experiments of re- 
duction, is minutely detailed in paragraphs 
162-6. 

H — Impart a Colour to the Flame. 

Remark. — Sometimes an assay gives a 
colour to the flame when heated with one 
£ux, but does not do so with another. The 

difiTerenee in sudb a cma i& \a \yb Tks^t^lQed. 

The property <rf «Knii|^ a caVvqx \a ^asafc 
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is characteristic of aome minerals. See 
Barytes and Strontian in the experiments 
which follow. 

"Fuse^ but will ifidd a ResuU, 

Which may be 
i. A Bead of Metal. 

Remabk. — ^The nature of the metal is to be 
judged of from the indiyidual characters of 
the metals. The method of separating 
very minute particles of metal from parti- 
cles of flux and charcoal is detailed at 
paragraph 164. 

ii. Ashes or Powder^ 
iii. A Glassy Globule — 

a Transparent^ wholly^ partially, or not at all, 

b Fillea more or less with air bubbles^ 

c Perfectly colourless^ 

d TingNid to a greater or less degree with some 
colour^ 

e Homogeneous, 

/ H etero^eneons. 

Remabks.-— 1. It is to be noticed, whether 
a g^asB whidi appears dull be really opaque, 
or is rendered apparently so by the air bub- 
bles it contains, or by the diffusion of re- 
duced particles of metal through its mass. 
— 8. It is also to be noticed, whether the 
appearance which a glassy globule has 
when hot, continues during, and after 
cooling; or, if any and what change takes 
place. — ^3. Another thing to be ooserved 
IS, whether a substance which has once 
und^r^ne fusion, continues fusible, with 
or without more flux, or baa \^<:nai<& 
iDcapabie of it— 4. Tbe de^ee ^ "^^^ 
tnuisparency of a g^kasa fiEec^ueii^'^ ^e\»ec^^^ 

h2 
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Upon the reUtiTe nropoftioM of the asBty 
and the flux. Each of the fluzeB can onLy 
dissolve and combine with a portion of a 
mineral^ proportionate to its own hulk. 
Soda is very easUj aftcted hj a different 
quantity, see the account of that flux^ — 
5. When borax is the flux uaed, it is of 
importance to know what eflect Flaming 
(136.) has on the globule. 

iv. A White Enamel^ 
a Smooth^ 

b Having the appearance of a frit, 
c Homogeneous^ 
d Heterogeneous. 

General Observations, — 1. In all the preceding 
cases^ it is necessary to notice^ whether the phe- 
nomena are produced by the interior or the exterior 
flame ; and whether upon the immediate application 
of the flame^ or after iutving for aome time reaiated 
its action. It is also necessary to notice the order 
in which the different phenomena are developed; 
which will rarely be the same as that in which they 
are here described. Of ten^ indeed^ several charac- 
teristics are exhibited at the tame time, and it re- 
quires a quick eye, and close attention, to observe 
and distinguish them. — S. As the nature of the pro- 
ducts vary greatly, as may easily be imagined, 
according to me properties ot the fluxes which enter 
into combination with diem, particular observation 
must be made of the appearances produced in an as- 
say by different fluxes, with each <n which a separate 
piece of the mineral must be tried. — 3. Be cautious 
m the use of Fluxes, of suspending the blast too 
soon, as their action upon some minerals is so slow 
and gradual that to produce the full effect, they often 
take some time. Do not t^ete£ot« v^koedily get out of 
patience, and erroneously de<^ice «b «siX)■^»Dk^ \i;^ ^ 
infusible, which has not bewi iwtVf Vt«A-r-A* ^S*?** 
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serve the varietj of the phenomena produced hy 
adding the flux m small successive portions ; the ad- 
ditions to continue till the assay is fully saturated. 
By proceeding thus, phenomena are often produced 
wnich nvould not otherwise he made manifest. — 5. 
By an habitual use of the blowpipe in the examina- 
tion of minerals^ a number of nuxes might perhaps 
be found out, capable of producing effects current 
from theseabready in use; whereby mstinct characters 
might be discovered for these mineral bodies which 
now either show ambiguous ones, or can scarcely be 
tried at all with the bfowpipe. — 6. An abundance of 
examples, illustrative of the above phenomena, are 
exhibited by the mineral characteristics in the fol- 
lowing pages. 



The General Prindples explained in the preced- 
ing pages, shall now be applied to exemplify the use 
of the olowpipe in Chemistry and Mineralogy. 



A SUMMARY VIEW OF THE SIMPLE 
BODIES, AND PRINCIPAL CHEMICAL 
COMPOUNDS, WHICH ENTER INTO 
THE COMPOSITION OP MINERALS, 
AND OF THE PHENOMENA WHICH 
THEY PRESENT, WHEN EXPOSED TO 
THE ACTION OF THE BLOWPIPE. 



181. Before the student proceeds to the examina- 
tion of minerals^ he must become acquainted with 
the nature and habitudes of mineral constituentSy 
otherwise he will be continually perplexed by the 
developement of the various phenomena. It is in- 
tended, therefore^ to furnish rim^ in tibe present di- 
vision of this work, with the necessary information 
on this point. In the first place, we shall give a 
short account of the Simple or Elementary Mdies, 
and of the most important Chemical Compoundsy 
which enter into the composition of Minerala. We 
shall then state the relative proportiona' in which 
these occur in the Mineral Kingdom. And, lastly, 
we shall describe the Phenomena which they pre- 
sent, when exposed to the action of the Blowpipe. 
But, let us not be misunderstood. It is not our 
purpose to investigate the general chemical proper- 
ties of those bodies : with Uiose the student u sup- 
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posed to be already acqaaiiited. What we iBtend to 
do^ is^ to shew in what stated in what abnndaiice^ and 
in what minerals they are found ; and to describe 
ihe methods by which they are most easily detected 
and most accurately discriminate d . A dear and 
comprehensive view will be thus afforded of the re- 
lation that Mineralo^ bears to Chemsstry ; md the 
student will be fnmisiied with a mass of information 
that win prove of the utmost utility when he enters 
upon the examination of minerals* 

182. TABLE OF SIMPLE BODIES. 

CLASS FIRST. 

Bodies having an immense affinity for the simple 
bodies of the succeeding two classes; with which 
bodies they ccmibine^ and thereby form substances 
that are totally different in their prc^perties from the 
substances of which they are composed : — 

1. Oxygen | 3. Iodine 

2. Chlorine j 4. Fluorine. 

CLASS S£COND. 

Bodies of a non-metallic nature^ but inflammable or 
acidifiable ;— 

5. Hydrogen Xga^^ Bodies. 
D. Nitrogen J 

7. Carbon ) 

8. Boron Y Pited and Infusible SeUdt. 



9. Sulphur 
10. Phosphorus 



Pudbk and Volaiile Solidt. 



CLASS THIRD. 

Inflammable substances of a metallic nature :— 

This is the most nnmeroas class of Simple Bodits ; the 
individuals of whidi it is composed being in nomber 
JbriV'three» They combine with nearly all the ten 
Dodws mmed above ; but the most isafoctaat. cacoL* 
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pounds into which they enter, are the tubitancet formed 
Of their combination with oxygen. — The followmg lilt 
exhibits the metals arranAed m the order of their per- 
fectibility. Those at the nead of the list are scaroely 
at all afiected by the power of oxygen. But as we 
progressively descend, the influence of that beautiftil 
element progressiyely increases ; so that, among those 
near the bottom, it exercises an almost despotic sway, 
which the magic pile of Volta, directed by the genius of 
Davy, can omy suspend for a season. The emancipa- 
ted metal soon relapses under the dominion of oxygen. 
— In an annexed column is detailed the nature oi the 
products formed by a combination with oxygen. 



11. Platinum 

12. Gold 

13. Silver 

14. Palladium 

15. Mercury 

16. Copper 

17. Iron 

18. Tin 

19. Lead 

20. Nickel 

21. Cadmium 

22. Zinc 

23. Bismuth 

24. Antimony 

25. Manganese 

26. Cobalt 



Ordinary 

Metallic 

Oxidesy or 

Neutral 

Salifiable 

Bases, 



27. Tellurium 

28. Arsenic 

29. Chromium 

30. Molybdenum Acids. 

31. Tungstenum 

32. Columbium 

33. Selenium 



34. Osmium 

35. Rhodium 

36. Iridium Metamc 

37. Uranium ^^*\ 

oo rn» • **^ much 

o8. 1 Itanium known. 

39. Cerium 

40. Wodanium 



41. Potassium 

42. Sodium AlkaUes. 

43. Lithium 



44. Calcium 

45. Barium 

46. Strontium 

47. Magnesium 

48. Yttrium 

49. Glucinum 

50. Aluminum 

51. Tliorinum 

52. Zirconium 

53. Silicium 



Earth*. 
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IflSw All the bodies enumermted above, with the angle 
exception of Iodise, enter into the composition of mineralft. 
But it is necessary to obserre, that fihitprcportions in which 
they do so are remarkably difoent ; as some of them occur 
in Uie greatest abundance, and others are exceediosl^ rare. 
Another giny^^*' thing is, that the substances wmdi are 
found in the largest quantities are not those which occur in 
a simple state. Oxygen^ for instance, which constitutes 
about 50 per cent of the rocks whidi form the chief part of 
the crust of the globe, has never been obtained in a state of 
purity ; while palladium, an element of the greatest rarity, 
IS found in no other state than its original one, that of a 
metal. HowcTer^ it is seldom that any of the Elementary 
bodies occur in an uncombined state ; indeed, of all the 
above-named fifty-three, it is only the twelve following that 
ever do so, and even these but in very small quantities : — 

Carbon — found pure only in the diamond. 

Sulphur — foundpure near volcanoes. 

The metals Gold, Silver, Platinum, Palladium, 

Merciuy, Copper, Iron, Antimony, Bismudi, 

Arsenic. 

184. But although the simple bodies are generally found 
in a state of combmation one with another, the substances 
they compose are not so complex, as, from the number and 
the rdative abundance of the dements* one might be led 
to suppose. Few mineral species contain more than five 
or six dementarv constituent parts, and many species only 
two or three. Some of the elements have no afiinity for 
each other, are never found together, and cannot by any 
possibility be made to combine. And in all other Midies, 
which are not mechanical mixtures but chemical combina- 
tions, the ingredients or elements of which they are com- 
posed, are idways found in certain unvarying and definite 
proportions. 

185. There is a certain class of chemical bodies called 
BiKABT CoMPOUiTDS, which are substances composed 
each of two dementary bodies combined in proportions 
which are well known and invariable. The earths and 
alkalies, substances which enter so largdy into ^e compo- 
sition of minerals, are all binary compounds, eadi bemg 
composed of two dementary bodies combined together. 
Now in the analysis of a mmeral, it is only necessary fbr 
the chemist to ascertain the nature and proportions <» the 
binary bodies which compose it, to learn what would bn \^^ 
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predie result if the analjrBis wm cairied to complMioii. 
For example, 

186. If common grpmim or sulphate of lime is aaalywd, 
its binary compounds are found to be lime, sulphuzie arid^ 
and water, and these are farther firand to esist in gjfuui 
in the following pr oportions :— 

Lime 32:7 

Sulphuric Add 46.3 
Water 21. 
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Here we have three substances, which, although oommonly 
called the elements of gypsum, are not, accurately spesJk- 
ing, elementary bodies at all : lime consisting of oxygen and 
calcium ; sulphuric add of oxygen and snlpnuv ; and water 
of oxygen and hydrogen : So that, were we to obtain the 
real elementary parts of gypsum, we should have caldum, 
sulphur, hydrogen, and sulphur. But it is unnecesury, and 
indeed in many cases impossible, to carry the analjrsis of a 
mineral to sucn an extremity. For all common purjxMes, 
it is sufficient to know the binary products of a substance ; 
because, as die nature and proportions of the elements of 
tiiese are already known, the results of an ultimate ana- 
lysis can be obtained by the easier process of calculatioiu 

187* The Binary Compounds that most fireqMentl^ oocnt 
in the Mineral iCingdom are the following: — 1. The 
£arths (334), 2. The Fixed Alkalies (327), 3. Ordinary 
MetaUic Oxides (204, 306), 4. Alloys (205), fi. Adcb 
(258, 367),6. Sulptiurets(19d— 202), 7. Carburets (196)^ 
The whole of these are described in ihe paragraph! wmdi 
are referred to by the figures within the parentheses. 

188. Besides the binary compounds aboye meBtioned* 
which are those of most frequent occurrence in the minenJ- 
kingdom, there are others, that occur much seldomcr, but 
which it is necessary to be acquainted with. Fdr-instance, 
ammonia, which is a pompounaof hydrogen sDd nitrogen, nd 
common salt, which in a dry state is compost' of dlloiine 
and sodium, axe both binary oompoundft occuring in mine- 
rals. 

1S9, The sabatances which are conaposed of iHmar 
eiementaxy bodies (and there sxe msn^ tmsb in tbe mincsal 
kingdom) an called: Tsun abt eoii.YO\swoi« ^Cttflb<Sa» 
of bo^» ia a my esteiui^e cncift>«^tflaigp«^ w i > a > a»wa 
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of oonriderable importance. Most of the subitances termed 
SALTS are lemary compounds. 



OXTOBN. 

190. This substance is so abundant a principle in 
many of the oldest and most bulky masses forming 
the crust of the globe^ that it should probably be 
considered as the commonest and most plentiftu of 
the mineral elements. It is neeesssry to mention 
but few examples in support of this opinion; Of 
SUica^ the most abundant of all: mineral' subfeiinieeii^ 
oxygen fbrms 50 per cent; of aliunina^ 4t; of lime, 
98 ; of magnesia^ 40 ; of potass^ 17 ; of soda^ S5 ; of 
water^ 89 ; to which it may be added^ that it ocGort 
in yarious proportions as an ingredient of nearly all 
the metallic ores. Carbonate of lime^ which is alone 
supposed to constitute about the one-eighth part of 
the crust of the gloBe^ contains oxygen as a consti- 
tuent in the proportion of nearly one-half; while, 
in the argiUaoeous and siliceous rocks, it is still 
mora abundant. It is easily obtained in the state of 
gas for chemical purposes ; but as it has never been 
found in a state of complete separation from other 
substances, it is chiefly as a constituent of several 
important mineral compounds that it has been no- 
ticed hefe. See Oxides (904, 306), Acids (958, S57)i 
£ai1^» (SS40> Alkalies (397). 

Chlorine. 

191. Chlorine ia another subrtanoe that hasiievar 
been found, pore. With sodium, the metallic base 
of 8oda>. it forms rack salt It is a oonstitumit of 
horn lead, hovn ailvevy and horn mereury. Witfi 
hydrogen it forms muriatio add. It ia never sought 
for in= a> separate state by the Mineralogilrtk 

Iodine. 
199. This substance, as hasbeetlikeaA^TCififc^^xw- 
ed, has not yet been found in any muiet)SA; 



98 of fluorine^ hydrogen^ amd carbon. 

Fluorine. 

193. This has not been exhibited in a separate 
state. It forms^ with hydrogen, fluoric acid, which 
is a constituent of fluor-spar and of several other mi- 
nerals. 

Hydrogen. 

194. This has never been obtained in a purer 
form than that of gas. It is a constituent of water, 
ammonia^ fluoric acid^ and muriatic acid; all of 
which enter into the composition of minerals. It 
combines with carbon^ and forms coal and bitumen. 
With sulphur it forms sulphuretted hydrogen gas, 
which is a constituent of stinKstone. In some places, 
hydrogen gas issues in a state of greater or leas pu- 
rity, m>m crevices in the earth. 

Nitrogen. 

195. The only claims of this element to.be consi- 
dered a mineral constituent, are, that it enters into 
the composition of ammonia and nitric acid, both of 
whidi occur in minerals. 

Carbon. 

196. This occurs in a nearly pure state in sra- 
phite, and composes the entire substance of the oia- 
mond. It forms the basis of coal, bitumen, amber, 
and other combustibles ; and is a constituent of a 
variety of other minerals. Its most important mi- 
neral character is, that it forms the base of the car- 
bonic add, which enters as an ingredient into the 
composition of all limestone rocks, m the moportion 
of 44 per cent The binary compounds it rorms nilli 
the metals and combustibles are called carburett. 

197. Carbon is gradually consumed when igpnited; 
prodndng neither flame, smell, nor smoke ; pulver- 
iaed gnd mixed with a^t^etie, \l detonates on pk^ 

num foil, and leaver a lei&dcaam ^ «ii£^)Rrna!ut «f 



OW BORON^ SULPHUR^ AND SULPHURETS. 99 

potass. When hydrc^en is present^ as in coal^ it 
burns with flame and smoke. 

Boron. 

198. As a mineral constituent, this isonly remarka- 
ble as being the base of the boradc acid^ which enters 
into the composition of borax, the boradte, and Uie 
dathdite. Boron never occurs pure, and can only be 
obtained from its binary compounds by powerftQ 
Toltaic agency. 

Sulphur. 

1 99. This occurs in a state of purity, and variously 
combined with other elements. With oxygen, oompofk- 
ing sulphuric acid, it is widely distribute ; formmg, 
with metals, earths, and alkalies, both soluble and 
insoluble salts. The vitriols aie soluble metallic 
sulphates; Glaubersalt is a soluble alkaline sulphate ; 
Gypsum is an insoluble earthy sulphate. Sulphur 
forms binary compounds with many of the metals 
which are termed sulphurets. Iron pyrites and 
copper pyrites are both sulphurets. 

200. The presence of sulphur in an assay is 
easily detected bv the sulphurous smell it gives out 
when heated in tne matrass or on charcoal. When 
it occurs in very small portions, it is discovered by 
other means. See sulphuric add. 

201. Metallic Sulphurets. — These are known by 
the odour of sulphurous acid which they emit when 
heated. When a metallic sulphuret is assayed, the 
object in view is to learn what metal the sulphur is 
combined with. We first drive off the sulphur by 
roasting; which is- performed either in a glass tube 
or on charcoal. (See 131.) It cannot be done on 
platinum foil. An assay for roasting should be 
^osen in the form of a thin lamina, which i& iVi<^ 
figure best adapted to the operation. Cttse xEra^xV^ 
tSxeD not to melt the assfty wbUe Toast^si^ \X.. \S. 
fii^on happen to takes place, a fresh asaai xowsX Xs* 
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operated upon. When the roasting is completed> 
and the sulphur entirely exnelled* we may then 
avail ourselves of the use of tne fluxes^ virith which 
nothing can he done until then. The reduction hy 
means of soda particular! v requires the complete ex- 
pulsion of sulphur from tne assay. 

202. The foUowing additional zemarks on this lubjaot, 
by fiogestrom, will be found useful : — Whenever an ore is 
to be tried, a small bit is to be laid on the chaiooal, 
and the flame blown on it slowly: upon which the 
sulphur, and arsenic if it contains any, will rise ftom it 
in the form of smoke. These two volatile substances 
are easily distinguished from one another by the smell ; 
that arising from sulphur being sufficiently weU-known, Aat 
of arsenic resembling the odour of gazlie. The flame ought 
to be blown very gently, as long as any smoke is seen to 
part from the ore, but, after that, the heat most be aug- 
mented by degrees, in order to make the roasting as perfect 
as possible. If the heat is applied very strongty frmn Uie 
beginning upon an ore that contains much sulphur or arse- 
nic, the ore will presenUy melt, and yet lose very Uttle of 
its volatile ingredients ; by which means the xosMting is 
rendered extremely imperfect. — The ore being pioperlr 
roasted, the metals contained in it may be discovereo, 
either by being melted alone, or with fluxes ; on which they 
present themselves, either in their pure metallic state, or by 
tinging the slag with colours peculiar to each of them. In 
these experiments, it is not to be expected that the quantity 
of metal contained in the ore should be exactly determined i 
this must be done in larger laboratories. Tli is cannot, bow* 
ever, be looked upon as any defect, since it is sufficient for 
a mineralogist, in many cases, to know merdy die sort 
of metal that is contained in an ore. But in the Mowpife 
processes, a practised eye can readily distinguish the phe- 
nomena presented by a large propKvtion of Distal from taose 
presented by a very snudl proportion. 

Phosphorus. 

203. This is never found native ; hut it occurs^ in 
combination with oxygen^ in phosphoric add^ which 

combines with the metals lead, manganese, oop- 

]^, and uranium, iiivaiioiUB^iQV^ffta&TA. Phomlu>* 

rlc acid, ia also found com\nn^m\\i^i^«»xAc^v3&fc* 
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In all these cases, it forms salts wlii(ji«Are termed 
phosphates. ' %••* 



204. In treating of the metals, it will be most canvenieDt to 
give the habitudes of the oxides along with thoti of che nure 
metals ; which is the plan we shall adopt. Theoi^QM.of the 
first division of metals, or ordinary metalHc oxify^igitcf 
may be termed, require few general remarks. Hfej at^ dis-. 
tinguished from the metallic adds, the earths, andaHjudies, ' 
by not possessing the peculiar properties by which Uiose sub- 
stances are characterised ; and by being reduced, withiac 
greater facility, than they are, to the metallic state. ^ ThU 
remark, however, does not hold good with respect to* even' 
metal, as the reader wiU perceive upon exaouning theTraU , 
lowing characters. .' " * 

206. The method of treating aiZoy«, will be describ64' 
when speaking of the metals which usually occur alloyecL -> 
Occasionally a few observations will be made as to thepheno- 
mena which characterise the ores of the different metals. A**, 
number of experiments likewise will be described, for the. 
purpose of eidiibiting the manner of proceeding in cases 
where the young operator might find hmiqelf at a loss. 

Platinum. 

906. This metal is found only in the native state 
and but in small quantities. It is generally alloyed 
with palladium, rhodium, iridium, and osmium; 
and it often contains a minute portion of iron or 
chromium. 

907. PlaHnum in the native state, ahne, before 
the blowpipe, is infusible. 

908. With fluxes, it is infusible, and incapable of 
oxidation ; but the fluxes generally acquire a colour 
from the forei^ bodies by which it is contaminated^ 

909. Berzelius Uiforms us^ that the best method 
of examining native platinimi, is by cupellation, with 
perfectly pure lead, on bone ashes (as described at 
139). In this experiment we can judge both of the 
presence and nature of the foreign meta\&, Vj ^<& 
oohmr c^ the cupel loaded with Uie oxide oi VeftA. 
At the end of the cupelktiony the pV&tiikUTa \« ^^^ 

1 2 
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taioed in the form of a greyish ooloured iafiiaible 
malleable srMgsd. 

210. Omdeof PUdinumt (obtained by precipitation 
irom a isolution of nitro-muriate of platinum^ by 
means of potass or ammonia,) on charcoal, with mic. 
Molt, is reduced to the metallic state ; yielding a 
small .cwdleable globule. 

Gold. 

^ 211. Few metals have a greater number of loeali- 
d^i^an this, yet, as it only occurs in smaD quanti- 
ties ajt each locality, it is by no means an abundant 
snbsiance. It is generally found in the metallic 
f($m, but is in most cases alloyed with small poir- 
tibns of siWer, copper, or some other metal. 
*-. 212. Gold in this metallic state, ahne^ on charcoal, 
melts into a globule, but cannot be oxidated* 

213. The Jhtxes have no action upon it, and can 
only serve to discover the foreign metala Chat are 
alloyed with it. 

214. Like platinum, it is best examined by cupel- 
lation, which yields a button of pure gold. 

Silver. 

215. The ores of this metal are numerous. It 
occurs native ; also, combined with antimony, iron, 
arsenic, lead, copper, and bismutii ; and mineralised 
by sulphur, by the carbonic and sulphuric adds, 
and by chlorine. 

216. Silver in the metallic etaU, ai&ne, easOv 
fuses; forming a beautiful white globule, whi«n 
resists oxidation. 

217. With mic. salt, in the exterior flame, pio- 

duces a glass having the colours of opal. Viewed 

by refraction, it is yellow by day light, red by candle 

lifiht. In the interior flame it acquires a giey 

colour. 

S18. Chride of SiheVy aUme> QH ^^^asrascL «t ^har- 
^oa/, 15 instantly reduced. 
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819. With boraxt ptrtly reduces^ partly dui- 
solves ; the glass formed by the exterior flame, on 
cooli]^ becomes milky, that formed by the iuterior 
flame lias a greyish appearance, arising from the 
particles oS. reduced metal dispersed through it. — 
With mic. salt, disscdves quickly and copiously, hat 
upon cooling grows opaque and of a whitish yellow. 
If copper be present, it is discovered by a green 
colour. H gold be present, a ruby tinge is produced. 
The globules appear opaline and can scarcely be got 
pellucid, except the quantity of oxide be very smaLL 
The globule loaded with dissolved silver, during 
fusion in the spoon, covers a piece of copper added 
to it, with silver, and beomnes itself of a pelhicid 
green. Antimony speedily takes away the milky 
opacity of dissolved luna cornea, and separates the 
suver in distinct grains. Cobalt and some other 
metals also precipitate silver in the same way. 

Palladium. 

220. A very rare metal. It occurs native ; also, 
alloyed with platinum. 

221. Like platinum, this metal is best examined, 
before the blowpipe, by cupellation. 

Mercury. 

222. The <Hres of mercurv are not numerous, but 
some of them are very rich. The metal is not a 
scarce one. It occurs native; also, iJloyed with 
silver, and combined with sulphur and certain adds. 

223. All the compounds of mercury are volatile, 
and therefore not acted upon by fluxes. Mercurial 
minerals are assayed, by nixing them with oxide of 
lead, or iron filings, or metallic tin, and heating the 
inixture in a small matrass or ^ass tube; upon 
which, the mercury sublimes in the meXxS^ «X»X/&> 
and a^^es to the cold part of ihe |^^«&> vo^ x)^^ ^csttsv 
0/» grey powder which a^tiou btv^i^ \s>«»^^5ae« 
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into fluid globules. The fixed heterogeneous mat- 
ters remain behind. 

224. Oxide of Mercury becomes blacky and if 
pure^ is entirely volatilised ; this is therefore a test 
for adulterations. — The fluxes take it up with efl^- 
vescence, but it is soon driven ofi; 

225. Mercury combined with sulphur liquefies 
upon the charcoal, produces a blue name, smokes, 
and gradually disappears. But if cinnabar be ex- 
posed to the blowpipe, upon polished copper, the 
mercurial globules are fixed all round. 

Copper* 

226. This is a very abundant metal. Its ores are 
numerous. It occurs in the native state ; also, com- 
bined with iron, antimony, silver and arsenic; 
and mineralized by oxygen, sulphur, and the car- 
bonic, muriatic, phosphoric, and arsenic acids. 

227. Oxide of Copper, alone, is not altered in the 
oxidating flame, but oecomes jtTro/ojruiein the reduc- 
ing flame ; with a strong heat, it fuses into a metallic 
globule. 

228. Both with mic* salt and borax it forms a 
pellucid glass, which is yellow-green while hot, but 
blue-green when cold. If stronsly heated, on char- 
coal, in the interior flame, the colour disappears* and 
the metal is reduced. If the quantity ox oxide is 
so small that the sreen colour is not perceptiblej its 
presence may be detected by the addition of a Uttib 
tin, which occasions a reduction of the oxide to pro- 
toxide, and produces an opaque red glass. If the 
oxide has been fused with borax, this colour is longer 
preserved ; but if with mic. salt, it soon disappears 
by a continuance of heat. The copper may also be 
precipitated upon iron, but the fflass must be first 
saturated with iron. Vestiges of copper so ^nt as 

scarcely to tinge the fiux, ^stecipitate a visible pdfi- 

cle upon a piece of polishea Vtonv ^ididkfidL \& vt ^oxlnff 

strong fusion, and Um g\o>3i\iVe V;^ea V^ «fti»a «l 
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iron : in this w«y ihe smallest portions of copper 
may be discovered. Alkalies or lime promote tnis 
precipitation. If the glass containing copper be ex« 
posed to a smoky flame, the copper is sapofldally re- 
duced, and the glass covered while not with an 
iridescent pellicle, which is not always permanent 
after cooling. The ^bule made green hy copper, 
fused in the spoon with a small piece of tin, until 
the colour is discharged, yields a spherule of tin 
mixed with copper, hiurd and brittle. In this case, 
the precipitatea metal pervades the whole of the 
mass, and does not adhere to the surface. Cobalt 
precipitates the oxide of -copper dissolved in the spoon 
with a flux, in a metallic form, and imparts its jown 
colour to the glass, which nickel cannot do. Zhxc 
also precipitates it s^rately, and rarely upon ite 
own surface, as its fusion can scarceljr be avoided. 

229. With soda, on the platinum wire, it melts and 
gives a glass, fine green colour while hot, colourless 
and (^que when cold. On charcoal, by the reducing 

Process, metallic copper is very easily obtainable*— 
'he blowpipe is capable of detecting copper in mine- 
rals, when occuring in proportions so minute as to 
elude the search in all other processes ; except, in« 
deed, it be combined with other easily reducible 
metals, which are liable to disguise its properties. 
When this is the case, borax and tin are to oe em- 
ployed to effect reduction. — When copper and iron 
occur together, the same ojperation separatel;^ re- 
duces each metal into distinct metallic particles, 
which may be distinguished by their particular 
colours and properties, or separated by the magnet. 

230. The Siuis of Copper tinge the flame of the 
falcmpipe. Both sulphate and nitrate of copper pro- 
duee a greenness ; but muriate of copper acts with 
far greater efficacy. The green crystals of this salt 
first grow red by the exterior flame ; after Nvbifi\i,V2lE\£^ 
liquefy and become black. The flame ixxeasv?(\)Ck\^ 
M JSiwf tinged deep blue, which aoon vecg;e« \o |5c«^^" 
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When thus coloured, the flame expands oonsiderabl;^, 
and remains so until the whole mass of the salt is 
dissipated. This green salt, added to mic. salt in 
fusion, immediately produces a beautiful flame ; the 
clear globule is tinged green, and does not grow opaque 
or brown, unless a large quantity of the mic salt 
be added ; whereas, it takes place much sooner upon 
the addition of a small quantity of borax. 

S3 1. Mineralized Copper. When pyrites contain 
copper, though the proportion be less than the hun- 
dredth part of their weij^ht, yet its presence may be 
detected by these expermients in small : Let a grain, 
the size of a flax seed, be roasted, but not so much 
as to expel all the sulphur : let it then be well dis- 
solved by borax, a polished rod of iron added, and 
the fusion continued, until the surface, when cooled, 
loses all splendour. As much borax is required as is 
sufficient to make the whole as large as a grain of 
hemp seed. Slowness of fusion is ii^urious, and b^ 
too great tenuity the precipitation is retarded ; this 
may be corrected by the addition of a little lime. 
Too much calcination is inconyenient ; for by this, 
the globule forms slowly, is somewhat spread, be- 
comes knotty when warm, corrodes the churcoal, des- 
troys the iron, and the copper does not precipitate 
distinctly ; — lliis defect is amended by a small por- 
tion of the crude ore. — ^When thegloDule is properly 
fused as directed, immediately upon stopping tibe 
flame, let it be thrown into cold water, \n order that 
it may break suddenly. If the cupreous contents ol 
the ore be less than tne hundredth part of its bulk, 
one end of the wire only is covered with copper, 
which otherwise would be entirely covered. 

232. The celebrated Gahn, who has examined 

copper ores with peculiar accuracy, has another 

method of discovering the smallest traces of that 

metal ; namely, a grain of the ore, well freed firom 

sulphur by caloination, is evgonedi \x^ ^^ «ction of 

the Eame, driven auddenV) u\«u Vt, iper wiw ; «d^ 
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at these instants a cupreous splendour appears upon 
the surface; which otherwise is hlack^ and this 
splendour is die more quickly produced, in propor- 
tion as the ore is poorer.---Cupreous Pyrites, on 
roasting, tinge the flame green. 

Iron. 

233. This is an ingredient of almost ever^ rock, 
from the oldest primitiye to the newest alluvial ; of 
a great number of earthy and metalliferous minerals ; 
and of all soils: it is therefore considered to be 
the most abundant and most ^nerally dlfihsed of all 
the metals. In general, it is m the state of an oxide, 
except when combined with sulphur. It occurs in 
a state of combination with the oxides of titanium, 
manganese, and chromium; with the phosphoric, 
sulphuric, carbonic, muriatic, and arsenic adds; 
and with silica, alumina, lime, and water. What 
is called native iron, i» an alloy of iron and nickel. 

234. Iron in the metallic state, alone, is infusible, 
but is converted into an oxide. 

235. With borax, it is infusible.— With mic, salt, 
it fuses, and forms a brittle mass. 

236. Oxide of Iron, alone, on charcoal, in the oxi- 
dating flame, is not changed ; in the reducing flame, 
it becomes black and magnetic. On platinum, in the 
reducing flame, it fuses. 

237. With borax, in the oxidating flame, it pro- 
duces a glass, dull blood red while hot, dear and yel- 
low or colourless when cdd. In the interior flame^ 
on charcoal, it is reduced to protoxide, becoming of a 
green colour and attractible by the magnet. The 
jnotoxide, with borax, forms a green glass, which, by 
increasing the proportion of the assay, passes througn 
botde green to black and opaque. Beraelius says, i&X 
the bottle green ^lass, is formed by a mixture of per- 
oaode and protoxide, and that, wneu the ionaot S& 
wholly reduced to the latter, llie glaaa\>ecoTaea v^~ 
fectiy tnuuparent, possessing a green cc^^xt, ^iiV^ 
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is beautiful while hot^ but fades on eooling. The 
reduction of iron from the peroxide to the protoxide 
is much facilitated by the addition of metallic tin.— 
With mic. salt, it beliaves as with borax.— With soda, 
on charcoal, it does not dissolve ; but sinks with the 
flux into the support; yields by reduction, a grey 
metallic magnetic powder. — When placed on the 
wick of a candle^ it Dums with the crackling noise 
peculiar to iron. 

Tin. 

238. This metal never occurs pure, but always in 
the state of an oxide, which is often combined with 
small portions of oxide of iron and silica. It is also 
found combined with sulphur and copper. 

239. Tin in the metallic state, alone, melts at a very 
low heat, ignites, and is converted into oxide of tin. 
It is one of the most easily fusible metals. Bene- 
lius gives us the following experiment :-^If a red hot 
grain of metallic tin be tnrown on a paper tray, it 
wiUl divide into several smaller grains, whidi ddp 
about the paper and bum with a very vivid light. 

Curious example of ^ ComhinatUm of Tin v«A Plsfi- 
N«m. — Thii is an experiment of Dr. Claike*i. If you 
take two pieces of tu-foil and platinum-foil of equal 
cUmensions, and after iDlIing them together, place ihem upon 
charcoal, and direct the name of a candle cautiously to- 
wards the edges of the roU, — at about a red heat, the two 
metals will combine with a sort of explosive fbroe, scatter, 
ing their molted particles off the chaiooa!, and emittiBg 
li^t and heat in a very surprising manner. Then then 
wdl remain upon the charcoal, a film of glass, which, bf 
further urging the flame towards it, will melt into a hiriily 
transparent globule of a sapphire-blue colour. Also, ffthe 
platinum and dn he placed beside each other, as soon as the 
platinum becomes heated, 3rou will observe a beautifbl play 
of light upon the surfaoe of the tin, which beoomes'luj^y 
iridesoent befbie it melts* 

24tO, Oxide of Tin, AUme, on platinum^ in- forai' 
of hydrate, and in ItshigYieei (Ve^cee c& Y^^i ^ 
comes yellow when l:iealKd> lYien^ i«A, «e& ^i^e«a. i^ 
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proachin^ to i^tion^ black. If iron or lend bd 
mixed with it^ the colour is datk brown when heat- 
ed. These colours become yellowish as the substance 
cools. On charcoal, in the interior flame, it becomes 
and continues white ; and, if orisinally white and 
free from water, it undergoes no change of colour by 
heating. It is very easily reduced to the metallic 
state without addition, but the reduction is promoted 
by addinff a drop of solution of soda or potass. 

S41. With b<trax, it melts sjparin^y and with 
much difficulty ; and forms a glass which is rendered 
opaque neither by cooling nor flaming, uhless it is 
supeitsaturated with oxide. VTith mia itdt^ it behaves 
as with borax : the nresence of arsenic, renders th^ 
glass opaque. Witn sodd, on the platinum wire, it 
efi^esces and fotms an infusible mass« With soda> 
on charcoal, it is teadily reduced hito a glbbule of me- 
tallic tin, tmless itou be present. If we proportion 
of iron be very small, its tedUctioU may be prevented 
by the addition of borax to the soda. Tin may be 
detected, by the redudng process, ereli when it forms 
but the two hundredth part of the weight of an a»- 
say. — ^A very small quantity of tin diBM>lTed in any 
flux, may be distinctly precipitated upon Inm. 

242. Tin may be melted out of the pure tin ores, in its 
metailie state. Some of these ores melt very easily, ana 
yield their metal in quantity, if only exposed to the me by 
themselves t but othen sre more reftactor^ ; and as these 
melt vekj slowly, the tin, which ezhades in the fimn of 
■mall globules, it inflamed and converted into oxide, befetf^ 
the gloDules can be collected into one sufficiently large to 
xasist the immediate action of the ^, and to be percdved 
by thto naked eye. It is necessary therefore to add a little 
bdfftt to these ores, and to direct a strong flame npon did 
assay. The borax preserves the metal from bdng too soon 
calfcmedt and contributes to the readier collecting of the 
■man metallic parddes, which are soon seen to finrm them, 
■elves into a globule of metallic tin at the bottom. fs(t \h&'«\!iRi!k& 
Inass, nearest to tiie charcoal. As soon aa %o xxroLdiv ^ ^QotA 
Mittnidtbl* nnddntol aa is snffidehi tb cbinVsiCA ^^ QV^ 
ntor of in pMbe^iht ibe od^i \A >)% e^klwMti^afiDRtfA.^ 
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although the whole of the ore may not be melted. The 
xeaflon for which is this : — The whole of this kind of ore 
can be seldom or never reduced into metal by means of 
these experiments ; a great proportion being always cal- 
cined ; and if the fire is continued too long, perhaps even the 
metal already reduced may likewise be burnt : ror the tin 
is very soon destroyed from its metallic state by the fire. 

Lead. 

5243. Next to iron^ this may be considered as the 
most abundant and universally diffused of the metals. 
It is never found in the native state ; but its ores are 
very numerous^ and appear under very difiSsrent cir- 
cumstances and aspects^ and nresent a great variety 
of combinations. Mineralized by sulphur^ it occurs 
in great abundance. It is also found m combination 
wim oxygen^ nvith the carbonic, muriatic, phospho- 
ric, arsenic, molybdic, and chromic adds : with the 
metals antimony, iron, manganese, and silvery with 
the earths, silica, alumina, bme, and magnesia; and 
with water. Some of the ores contain several of these 
substances ; a few have a metallic aspect ; but othen 
assume the appearance of earthy minerals. 

244. Ijead, tn the metallic state, alone, is very easily 
fusible. The melted slobule continues for some time 
to retain a metallic splendour ; but in a more intense 
heat, it boils and fumes ; hence oxide of sine is 
deposited in a yellow circle upon the charcoaL It 
communicates a scarcely visible yellow colour to 
fluxes, and when the quantity is large, the globule, 
on cooling, assumes a milkv opacity. When dis- 
solved, it IS not precipitated dy copper. The metals 
do not precipitate it irom sulphur m the same aider 
as from acids. 

245. Oxide of Lead.^—Ahne, the re<^ oxide flxst be- 
comes black, and is aftarwa^s chanced to ^Uow 

oxide, which melts into an orange-colotured gliss; 
the latter, on charcoal, is verf <^cVVi T«d>ifiiQd^ with 
effervescence^ into a gU>^^ oi \a<e^aS&fi\nii^« 
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946. With borax, on the platinum wire^ it melts 
with ease into a clear sdaas, which is yellow while 
hot^ colourless when cold. On charcoal^ it flows about 
in a liquid state^ and reduces. — ^Wil^ mic. salt, it 
forms a clear colourless glass ; but is not so easilT 
reduced as with borax.— With soda, on charcoal, 
it is instantly reduced. 

NiCKBL. 

« 

247. This is a rare metal. It occurs as an oxide ; 
also combined with arsenic and with iron. 

248. Pure Nickel is not fusible by the blowpipe.- 
Nickel containing arsenic does not riise with soaa^ 
but if borax is aaded^ it fuses into a globule which 
is malleable in a certain d^ree, and highly mag« 
netic. 

249. Oxide oT Nickel, alone, at the extremity of 
the oxidating mLxne, becomes black ; in the reducing 
flame^ greenish grey. 

250. With borax, it dissolves readily; the f^lass, 
while hot^ is of a dirty dark red colour^ but it be- 
comes paler and yellowish as it cools. When this 
glass is long exposed to a high degree of heat in the 
reducing flame^ the colour passes from reddish to 
Uaekish and opaque ; then becomes blackish my, 
and translucent ; then paler reddish grey^ and aear- 
er; and^ lastly^ translucent: metaluc nickel being 
precipitated in small white globules. The red colour 
seems here to be produced by the entire fusion or 
solution of the oxioe ; the black by incipient reduc- 
tion ; and the grey by the dispersion through the 
glass of the minute metallic particles, before they 
combine -and form small globules. When a little 
soda is added to the glass formed with borax^ the 
reduction is more easuy effected^ and the metal is 
collected into a single globule. When the oxide of 
nickel contains iron^ the glass retains its own eoVcrax 
while hot^ but assumes that of the Ixon aait omAa \ M 
cobalt h present, the colowc of that meUX -^nNrvvAV^ % 
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if arsenic^ it melti into a bead. Nickel it predpi- 
Uted either on iron or copper .i^With «u<^ m, it ex- 
hibite nearly the lame phenomena aa with borax, 
but the colour Udes to a much greater degree on 
cooling. It behayes in the same way both in the 
exterior and interior flame. Saltpetre added to die 
bead, makes it froth, and it beoomea firat red-brown, 
then paler. With mic, salt and tin, the nickelpre- 
cipitates, and the glass becomes colourless. — ^With 
noda, it does not dissolve, but, by the reducing process, 
nickel is obtained in the form of minute, whituh, 
splendent, metallic particles, which are very strongly 
magnetic. 

Cadmium. 

251. A very rare metaL Occurs only i^ particular 
ores of sdnc 

252. Oxide of Cadmium, alone, CH) chwnHMlj is div* 
aipated in a few seconds; the support l^eooming coTer- 
ea with a red or orange-coloureopowd^. ^c ores, 
and other substances containing^ oxicje of cadmium, 
when heatied on charcoal for a single instant, denosit 
an orange-coloured ring roimd the assay. On p|at^ 
num fou, the orangge riiijg is conspicuous, and by 
exposing it to the pomt or the blue flftme, the inetal 
is revival, and a oeposition is forpied upon the su^ 
port, having the appearance of polishe4 bronae or 
copper. 

953. With borasc, on the platinum wire, it fiiaea and 
gives a clear glass, yeUow while hot, colourleas when 
^Id* If nearly saturated, it is rendered opaque hj 
flaming. On charcoal, it bubbles oonatantly, if 
reduced, and sublimed ; a yellow oxide coyera the 
charcoal at the end of the experiment—- With mk. 
salt, it fuses ; glass, dear while hot, opaqno when 
coM. — With 3o3a, on the platinum wire, it is iufbii!' 

ble. On cbftrcoaly it ieduGea,andiaaub]imed;IeaTii% 

A yeUow risg. 



OF Zinc. lis 



ZlKC; 



354. Never found in a pure metallic state. Gene- 
rally occurs mineralized b]r sulphur^ OK]^gen^ and 
the carbonic or sulphuric acid ; also combined with 
oxide of iron^ silica^ and water. Its ores, which 
are not very numerous* although the metal is by no 
means scarce, have commonly an earthy appearance. 

255. Zinc, in the metcUUc state, alone, reaculy fiises 
and takes fire; burning with a beautiful blueish 
green flame, and sending forth clouds of white lanu- 
ginous oxide, by which the flame is speedily extin- 

eiished. If the r^uline nucleus, included in this 
nuginous matter, be ui^;ed by the fire, it is inflamed 
now and then, and flies about with slight explosions. 

256. With borax, it ramifies, and at first tinges 
the fiame ; it continually diminishes, and the flux 
spreads on the chareoal.^ — ^With mtc. MjUt, it ramifies, 
and sends forth fiashes, with a crackling noise. By 
too great a degree of heat, it is exploded, upon whicn 
ft throws out ignited particles. 

857. Oxide of Zinc, alone, on charcoal, when 
heated, assumes a yellowish splendour, which, when 
the fiame ceases, vanishes — and the assay whitens 
as it cools. It is infusible, but when ^nuted gives 
out a brilliant light, and in the interior name evolves 
copious white fumes which condense on the charcoal 
in the form of wool. 

258. With borax, it melts easily into a clear glass 
which turns milky if fiamed, or with more oxide 
becomes enamel wnite on cooling. In the interior 
flame, the oxide is converted into white fumes which 
form clouds around the globule, and condense in a 
pulverulent form on the charcoal. — With mic, salt 
It behaves as with borax, but is rather less easily 
■nblimed. — ^With soda, it does not melt, but u\<bA 
interior fiame is reduced, and banui in.\]ii \\a <2i[i3un&>- 
teristic Same, depositing its white oxide oa itte va^V* 

k2 
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port. By this process^ zinc may be easily detected, 
even in the automalite. — With solution of cobalt, 
dried and ignited, it becomes green. — Mixed with 
oaide of copper, and reduced, die xinc will be fixed, 
and brasB be obtained. — But one of the most une* 
quiyocal characters of the oxide of sine is obtain-t 
ed by dissolving it in vinegar, evaporating the sfduf 
don to dryness, and exnodng it to the name of a 
Ittnp, wh^ it bums witn the peculiar f^Boa^ of iinc. 

Bismuth. 

S^9. The ores of bismuth are few. It oeeun in 
the native state, somewhat alloyed with anenic; 
ako combined with sulphur, silver, and cobalt. It 
is not a common metal. 

S60. Bismuth, in the metaUic state, aJUme, in the 
matrass, does not sublime at the heat which fiises 
glass ; it is distinguished by this character, from 
tellurium. In the open tube, it is part^ converted 
into an oxide, which is dull brown whife hot, yel* 
lowish when cold. It gives scarcely any fomes ; bjf 
this character it is distinguished ooth from anti-* 
mony and tdlurium. On platinum, it easily fuses. 
On charcoal, in a gentle heat, it flies off in fames. 
The assay leaves a reddish mark cm the aupport, 
whidi may be driven off by the reducing flame, to 
which it does not ^ve a colour. The mark left by 
antimotiy, in similar drcumstanees, eokmni the 
flame greenish-blue; and that left by teUmiUD, 
deep green. 

261. Oxide of Bismuth, aUme, on pUtinnm Isil, 
melts readily mto a brown glass,' which becaags 
brighter as it cools. If violently heated, it rednoes 
and perforates the support. On charcoal, it ia very 
readily reduced into metallic globules. 

263. Widi boraw, it forms a grey glaaiy whidi 

cannot be freed from bubbles ; ima daorradtatsa in 

ibe interior flame, and iha natal is radttoad and 

Fa{£iti2ued.^Witli mic. uit» V^ foRGA % \nnnMii* 
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veUow glass, which partly loses its txam^MWDcy and 
beoomes ytie, when cold. Bnt if more oxiae he 
added, tne f^lass becomes opaque. Bismuth is 
easily precipitated by copper and iron. 

Antimony. 

86S. This is not a scarce metal; yet its ores are 
but fbw in number. It occurs in the native stale, 
Cloyed by smajl portions of silTer and iron; also 
combined with sulphur, silica, and oxygen. 

S64. Antimony^ in the meiaUic state, aJUmCy on 
efaarooal, easily melts, and when ignited by being 
heated to redness, continues to bum for a considei^ 
able time after the action of the blowpipe is sus- 
pended. During the combustion, it gives off dense 
and copious white fumes of oxide of antimony, 
which rise perpendicularly, and afterwards con-, 
dense on ^e metallic globule, and envelope it in a 
net work of radiating adcular pearly crystals. This 
afibrds a very beauti^d object. In the open tube, 
heated to redness, it bums slowly, depositing a white 
oxide on the sides of the glass. In the matrass, it 
does not sublime at the funng point of glass. 

5W5. Omde of Antimony, aitme, on charcoal, melts 
•adly and is reduced to the metallic state ; colour*^ 
ing the flame greenish. On platinum, it meks 
ea^y and 3riekb a white vupour. Sometimes it 
takes fire like tinder, without fusing, and produces 
antimonious add. 

266. Antimonious Acid, alone, on charcoal, neither 
mdts nor reduces; but gives out a bright l^ht, and 
fumes. 

867. Antiwumie Acid, ahne, on charcoal, instandj 
turns white, and becomes antimonious add; if it 
contains water, it gives it off on ignition ; at the 
same time, changing colour from wnite to ydlow> 
and firam yellow again to white. 

9(18. The oxide and adds of axiluBfiiaM \»«ms&\. 
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they dissolve largely ; the glass is tram^Muieiity of a 
yellow colour while not, but nearly coknirless when 
cold ; if supersaturated, the antimony suUimes and 
condenses on the charcoal round the assay ; the g^ass 
when violently heated in the internal flame, becomes 
opaque and greyish, in consequence of a partial re- 
duction of me assaj to the metallic state.— 'Widi 
mic. salt, on the platmum wire, in the external flame^ 
they form a transparent yellowish glass ; of whidi 
the colour flies on cooling. — ^With lada, on charcoal, 
they are converted into metallic antimony by ibe 
reducing process. — ^Antimony dissolved in a flux mar 
be precipitated by iron and copper, but not by gola. 

269. Sulphuret of Antimony, alone, on dunxoal, 
melts, smokes, spreads, and is absorbed ; leaving no- 
thing but a ring on the spot where it lav. In the 
open tube, it suUimes ; producing oxide or intimony 
and a portion of antimonious add, the latter of 
which adheres to the surface of the glass, in the 
form of a white coating, after the oxide has been 
driven off by the heat 

270. Alloys of Antimony, when roasted in the 
open tube, if combined vrith metals that are very oxid- 
able, give out antimonious add, the vapour of wiudi 
is infusible and fixed ; but if combined with silver 
or copper, they give out fumes of oxide of antimony, 
whicn condense on the glass, but are volatile. A 
pungent odour is produced. 

Manganese. 

271. This substance is very difficult to be pro- 
cured in the metallic state, in consequence of the 
strong affinity which it has for oxygen. It occurs 
in the state of oxide, in small proportions, in a very 

freat number of minerals, both earthy and metallic 
t is diffused through aJl the three kingdoma of 
nature. 

272. Oxide of Jfong^te, alone, on dtarooal, ia 
infusible. A strong beat c\aiI^g»VACl(iycra^^ 
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S78. With boraof, ob chaTcoal> ia the exterioi* 
flame, it giyet a dear glaas of ^n amethyat colour ; it 
beoomea oolourlew in the interior flame. See par^ 
oraph 146. — ^With mic, salt, it behayea aa with 
borax, bat the colour ia not ao deep ; whUe fuaing 
in the oxidating flame, the g^aaa boua up and diara^ 
nuiea gaa ; in the reducing flame, it maea quietlj. 
wnen the mansaneae, from ita combination with 
iron, or any other cauae, doea not produce a auf- 
ficiently intenae colour in the glaaa, a Jittle galtpetre 
may be added to it while in a atate of fuaion ; the 
|dbaa then beoomea dark violet while hot, and red* 
aiah Yiolet when cold.— With jodia, on platinum foil, 
it finrma a dear green ^laaa, which becomea Uueiah 
men on cooling. Thia teat iaao extremely deUcate, 
that a portion of manganeae forming but Uie 
thouaandth part of the aaaay, imparta a aenaibly 
pten. odour to the flux. With aooa, on charcoal. 
It ia not reduced to the metallic atate. — Manganeae 
ia one of thoae aubatancea whidi often odour the 
glaaa lo intengdy that it appears opaque. See parari 
graph 180, letter £, remark 4. 

Cobalt. 

974. Thia ia one of the scarce metala» It ia not 
found in the native atate. In ita ores, it ia combined 
with iron, araenio, and aulphur. Sinnetimea it ia 
mineralised by sulphuric acid. 

S75. It ia very difficult of fuaioa. 

1276. Oxide of Cobalt, alone, on charcoal, becomea 
black in the oxidating, and grey in the reducing 
name. It does not fil^e. 

977. With borons a amall quantity melta eeaijy 
into a transparent g^aaa of a beautiful Uue colour^ 
which does not become opaque by flaming. By 
transmitted light, the claaB is roddisn, and by ftrther 
additions of the oxide It passes through darx blue tA 
Vk^. Thia colour ia pertioMeoqa lA €b& i^^. *V:VaX 
in upportuBity wdy he obtained (i£ aei^3Cki|^vDi& ct^ss^^ 
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of the glass distinctly^ the operator must take hold, 
with a pair of pincers^ of a little of the glass, and 
draw it out, slowly in the heginning, hut sfterwards 
very quickly, hefore it cools ; whereby a thread of the 
coloured gktss is procured, more or less thick, where- 
in the colour may he more easily seen, either bv day 
light or candle light, than if it was left in a giohu« 
lar form. This thread melts easily if only put in 
the flame of a candle, vrithout the hielp of the dIow- 

Sipe. The metal may be precipitskted from the 
ark blue glass, hj inserting a steel wire into the 
mass while in fusion. It is not precipitated upon 
copper. It is malleable if the oxide has been 
free from arsenic, and may be collected by the 
maffnet, for which it has a strong attraction. It 
is distinguished from iron by the absence of any 
crackling sound when placed on the wick of a can- 
dle. — With mic. salt, it behaves as with borax. By 
candle light, the pure blue glass appears yidet, tfaie 
pale blue appears rose coloured. — With soda, on 
platinum, it melts partially into a thin liquid ; the 
fused portion assuming a red colour, which on cod* 
ing changes to grey. — With sub^arbonate of potass, 
on platinum, it melts in larger quantity than with 
soda, but the fused mass is not so liquid ; the glass 
when cold is black with no admixture of rnL— 
With a small portion of soda, on charcoal, in the re- 
ducing flame, no fusion takes place ; but reduction 
is very easily efi^ted ; we obtain a grey metaUie 
magnetic powder. 

278. We now come to describe an order of metals^ sods 
of the combinstioni of which with oxygen are possessed of 
properties which endde them to the appellation of odifr.— 
We shall give the characters by^ which these curious sab- 
stances are respectively distinguished ; but with regsid to 
the bodies which bear to them the reUtion of Salts, that 
is to Mjr, the arteniatet^ ehromaiet^ molybdatety tungsiatstf 
Ae.9 it ia merely necessary to M.y« xhtt when the habitades 
of the oaMeSi ^ atids^ sie kaown, ^Qbont ^ ^Ma ^Ms^er 



O^ TELLURIUM. 119 

nAbyi, will be ttuaXj undentood. NevertheleM, we have 
detoribed the phenomena exhibited by wveral of these com- 
pounds. 

TSLLURIUM. 

S79. This is an extremely rare metal. It is found 
only in the native state ; but it is always alloyed with 
other metals. 

880. Tellurium, in the metallic state, alone, in the 
matrass> first gives off a vapour^ and then a sublimate 
of grey metallic tellurium. In the open tube^ it pro- 
duces copious fumes which adhere to the glass as a 
white powder, but can be melted into clear colour- 
less drops. (M charcoal, it bums with a vivid blue 
light, greenish on the edges ; flies ofi^ at a gentle 
heat in greyish white fumes, which condense into 
a white oxide ; leaves a mark on the support which 
tinges the reducing flame, when directea upon it, of 
a fine deep green colour. In the matrass, it melts 
into a straw-coloured striated mass. — It forms a deep 
purple-coloured solution with muriatic acid. 

281. Oxide of Tellurium, alone, on platinum foil, 
mdts and fumes. On charcoal, when gently heated, 
it becomes first yellow, next light r^, and after- 
wards black. It then melts, is absorbed by the 
charcoal, and finally is reduced. The reduction is at- 
tended by efiervescence, a slisht detonation, and a 
greenish flame. Oxide of tellurium frequently ex- 
ales the odour of putrid horse-radish, which is an 
indication of the presence of selenium. 

S8S. With borax or mic, salt, on the platinum wire, 
it ffives a dear colourless ^ass, which becomes srej 
and opaque on charooaL--WiUi soda, on the pmtL* 
num wire, it forms a colourless glass, ^hich tulms 
white on cooling. On charcoal, by the reducing 
process, it is converted into metallic tellurium. 

883. Alloys of TeUurium, in which t\xe ^nid^ ^ 
diis metal appeus to act the part o£ an acid, tqasX^ 
ia the open tube, behave like nieta^e t^^aatri^'^' 
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The TMxmr prodac^ has a tranflent odour peculitr 
to itselr ; if it stnells of hone-niuBh^ it is a proof 
that selenium is present. 

Arsenic. 

584. This is a metal of very fireqnent occurrence. 
It is found in the native state^ also alloyed with se^^ 
yeral metals^ particularly silver^ cohalt, copper^ and 
antimony; and comhined with lime^ sulphur, and 
oxygen. In some of its combinationsy it acta^ in con- 
junction with oxygen, the part of an acid, 

585. Arsenic, in the metame Hate, is detected by its 
odour when heated, which resembles the smeu of 
garlic. It is among the most combustible of the 
metals ; bums with a blue flame at a low heat, and 
sublimes in the state of arsenious add. 

886. Arsenious acid, or white arsenic, or White 
oxide of arsetdc, which all mean the same thing,^^ 
when heated in large pieces on ignited charoOal, 
exhales no smell: hence it appears that it is liot 
arsenious acid, but metallic arsenic in a volatile 
state, that emits the odour of garlic. Btit if the 
white oxide is reduced, by bein^ mixed and heated 
with powdered charcoal, then it does exhale the 
odour of garlic 

987. By a proper quantity of oxide of arsenic, the 
Jiuxes are rendered yellow without opacity ; and b^ 
a lone continued heat, the Toiatile additament is ek- 
pelle£ Iron and copper precipitate arsenic in the 
metallic form. 

988. If arsenic is held in sohdion, it may be dis- 
coTcred by dipping into the solution a piece of pur^ 
and well-bumed charcoal, which is aflerWiurds to bfe 
dried and ignited. 

989. AUogs of Arsenic. The roasting of these 
should be begun in the open tube; to the aid^ Of 
trhich the arsemooa add. attaches itself in the ftnn 

of a white crystallisLe «uVdsiAiXe\ vQ^ia^miQa Mid, if 
mnjbepre&eoX^ then i^iei\r)\\wS& tMftkiebft>d^, 
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afid is easily perceived. The roasting may be com- 

Sleted on charcoal^ using the interior and exterior 
anie alternately. If arsenic be jtresent in an assay 
in large proportion^ its characteristic odonr difiuses 
itself to a considerable distance. If the proportion 
be very small^ the odour may probably be only deve- 
loped oy the reducing process. See paragraph 131 
for several useM remarks on this subject. 

Chromium. 

290. This has never been found in the metallic 
fbrm^ either alone^ or alloyed with other metals. It 
is generally found combined with oxygen^ and form- 
ing sometimes an acid, sometimes an oxide. It is 
the colouring matter of the emerald ; but its princi- 
fttl ores are me chromate of lead and the chromate 
of iron. 

991. Oxide of Chromium^'— Alone, on charcoal, or 
platipum, its green oxide, (the protoxide,) the form 
in which it most commonly occurs, and to which co- 
b/imbic acid is reduced by heating in the common 
air, is infusible and unalterable. 

S92. WiUi borax, in the exterior flame, it melts 
with difficulty, and forms a bright yellowish or yel- 
low-red glass; in the interior flame, this becomes 
darker and greener, or blueish green, retaining a green 
tinge on cooling. — ^With mic. salt, it melts either in 
the external or internal flame, and the glass assumes 
in both cases a blueish green colour, the intensity of 
which varies with the proportion of the assay. A 
deep tint is produced by a very small portion of the 
oxide. The glass formed in the interior flame, at the 
instant of its removal, has a violet hue. — With soda, 
on the platinum wire, in the external flame, it pro- 
duces a dark orange glass, which turns yeUow and 
opaque on cooling ; in the reducing flame, \1 ^^«^ 
an opaque glass, which, on cooling, la igteen. V. ^Qfifi^ 
jao^ yield metaUic cfaromiuni by the tedoidTk^ ^^^ 
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ens, althoogh the msay is absorbed by the cbar- 
tealL 

MOLTBDEXUM. 

5293. This is a Teiy nre metal. It has nerer been 
fonod pure, bat occurs oombined with sulphur, also, 
faroAtifi with oxygen an add which enters into the 
composition of a mineral called molybdate of lead. 

294. The metallic globules of molybdenum are ex- 
tremely infusible. But they are converted by heat 
into a white oxide which rises in brilliant needle- 
Ibrmed flowers, like those of antimony. 

295. Mol^bdic acid, alone, on charcoal, melts with 
ebullition, is absorbed, and by continuing the blasts 
partly reduced. By washing (164) a grey metallic 
powoer may be obtained. On platinum, it melts and 
emits white fumes ; in the interior flame it is reduced 
to molybdous acid, which is of a beautiful blue oo^ 
lour ; in the exterior flame it is again oxidated^ and 
becomes white ; a violent heat makes it brown. In 
the open tube, it melts and produces fUmes, which 
partly condense as a white powder on the sides of the 
tube, and partly as brilliant pale yellow crystals oil 
the surface of the melted assay. 

296. With borax, on charcoal, in the interior 
flame, it fuses, and a quantit]jr of blackish sctdes of 
oxide of molybdenum are precipitated from the deir 
glass, which is left colourless when the Quantity of 
molybdenum is small, and blackish when tne propor^ 
tion is larger. — With mic, salt, on the platinum wire, 
or charcoal, in the exterior flame, a small proportion 
of the add ^ves an elegant green glass, which by 
gradual additions of the add, passes through yellow- 
green to reddish, brownish, and hyadnfli-l&own with 
a slight tinge of green. In the iiiteridr flame, the 
colour passes from yellow-green, through yeUow- 
ibrown and brown-Td> to black ; and if tne ptqpolv 
Hon of add be laxs^, \l SbC(vynxeA^TivftV»y&fi Itbstre, r^- 

Mmbiing that of uieso\^YiuM^>'«\3&ii3bL\Qdfti%\a^^^ 
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times retailed after the g^uB has ooole4>— With soda, 
it dissolves with violent eflfervescence ; the glass is 
red and transparent ; on cooling it hecomes paler in 
colour and opaq^ue^ and acoiures an hepatic smelL 
Molybdic acid yields molybdenum^ in the state of % 
steel grey metallic powder^ by the reducing process. 
See paragraphs 162-6. 

TUNGSTSNUM. 

297. This is by no means a plentiful metaL It 
occurs combined with oxy^n forming an acid, which 
with lime constitutes native tungstate of lime> and 
Yi(h iron^ native tungstate of iron. 

298. Tungstic acid, ahne, on platinum, or char» 
oqsl, becomes at first brownish yellow, is then re- 
4uced to a brown oxide, and lastlyjt becomes blackji 
without melting or smokmg. 

299. With borax, on the platinum wire, it melts 
with ease in the exterior flame, and forms a coloi|r« 
l^ss glass, which is not made opaque by flaming. On 
charcoal, with borax, in the internal flame, an4 Ul 
small proportions, it forms a colourless glass, which, 
bjr increasing the proportion of the acid, becomes 
dirty grey, and thep reddish. By long e3(.posure to 
the external flame, it is rendered transparent, but, as 
it CQpls, it becomes muddy, whitish, and changeable 
into red when seen by dav-light. If tin is added, 
the glass forms an enamel on cooling. — With me* 
salt, in the interior flame, it gives a fine pure bliie 
^ass, more beautiful than that formed with cobalt; 
m the exterior flame this colour disappears ; but ve^ 
turns again in the interior flame. If iron be pre-; 
gent, the assay, instead of becoming blue, assumes a 
blood-red colour ; in which case, Uie addition of a 
little tin, destroys the effisct of the iron, and causes 
the glass to have either a green or a blue colour. In 
^e oxidating flame, it gives a yellowish gLasa.— rWViS^ 
ioda, on the platinum wire, it fotnift «i ^^^^ ^^scsCv- 
vtmpeient ffMBB, which on oootuig cn^^^'^^^^^^'^^ ^'^ 
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turns opaque and white^ or ydlowish. With soda, 
on charcoal, hy the reducing process (162), we ob- 
tain metallic tungsten in the rorm of powder posses- 
sing a steel grey colour, and a partial metallic bril- 
liancy. 

COLUMBIUM. 

300. This is an extremely rare metal. It occurs 
combined with oxygen forming an oxide or acid. 
Its ores are only two in number. In one of these it 
is combined with iron, in the other with the rare 
earth yttria. 

301. Oxide of Cofumhivmy or Ck>lumlHC Acid, on 
platinum, undergoes no change^ 

- 302. With borax, it forms a colourless transparent 
glass, which flaming renders opaque ; if too much 
oxide be present, the glass forms a white enamel on 
eooling. — With mtc. Mlt, it forms a glass which is 
perfectly transparent. — ^With sodoy it efi&ryesoes and 
combines, but neither melts nor is reduced.— With 
solution of cobalt y it does not produce a blue colour* 

Selenium. 

303. This name was given by Berzelius to a sub* 
stance which he discovered in the iron pyrites of Fah- 
lun. Its properties are so peculiar tibat chemists are 
not decided whether it should be classed with me* 
tals or combustibles. It is extremely scarce. It 
combines with a few metals forming seknivrets, 

304. When heated, it softens; at 212o it is semi- 
liquid ; and at a temperature a few degrees higher, 
it melts completely. It cools very slowly, and is 
meanwhile exceedingly soft and ductile. Before the 
blowpipe, it is easuy volatilized, and gives out a 
smell of decayed horse-radish, which is of so strong 
a nature that the odour produced by the conversion 
of the ^fteenth part of a graih into the gaseous oxide, 

J8 sufficient to scent a\Ktg|& v^axUnftikt. 
SOS, All the metaOic GODvgooai'^V&Vi'v^^ 
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nium enters are easily disdngoished by the horse- 
radish odour they emit, when neated in the oxidat« 
ioff flame ; for this smell is so strons and disagree- 
able that ihe smallest portions of sefeninm may be 
detected by it. When seleniurets are roasted in the 
open tube, selenium in a state of purity often sub- 
limes in the form of a red powder. If sulphur be 
present, it escanes in the state of sulpl^urous acid 
gasj without an^ting the sublimation of the sele- 
nium. If t^urium be present, it sublimes previous- 
ly to selenium^ and is known by its peculiar chara(C- 
ters. 



306. The combiaation of the fdlowliig seTjBn pacts h' wi tfi 
lnyseI^weha▼edeflcnbedasballffflO<mfl(c^i(cfloWll. Wnat 
we have said of the oxides, we mignt just as wdl have said of 
the metids; for not one of them nas ever been obtained in 
any oonaiderable jpiantity, or had its pro p e r ti es investigated 
with any great minuteneas. m been usemlly applied to any 
murpose of importance. Stw it is necessary to |uiow |iow 
Id oetect them when they occur in minerals* 

Osmium. 

807. Exceedingly rare. Occurs alloying natire 
platinum, from which it is obtained in the metallic 
state with great difSculty. 

508. Alone, in a gentle heat, it is converted into 
an oxide, which immediately vglatilizes, giving k 
pNeculiar pungent odour, something like that of cmo- 
rine. 

Rhodium* 

509. A scarce metal, which occurs alloying plati- 
num. 

310. Alone^ ip is infusible. 

311. With Jhtxes it does not act 

312. Like platinum, it is best examined by cui^V- 
lation, which clears it from forei{|^\Mddea,%ai^^^^ 
^grej, pofom, infiiiiUe, metaDie iMMk 
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Iridium. 

313. The description of rhodium applies in every 
respect to iridium. 

Uranium. 

314. This is a very scarce metaL It has never 
heen found pure. Its ores are few. It occurs in 
one^ in the state of an oxide. In another, in that 
of a phosphate. It is also found mineralized hy sul- 
phur. 

315. It is extremely difficult of fusion, and can 
only he procured in the metallic state hy a lahorious 
ana complicated process. It never has heen reduced 
to the metallic state hut in very small quantities. 

316. Oxide of Uranium. — Aioney on charcoal, the 
yellow oxide hecomes greyish hlack, hut does not 
fuse. • 

317. With borax, in the interior flame, it forms a 
clear, colourless, or faintly greenish glass, containing 
hlack particles, which appear to he the metal in its 
lowest state of oxidation. In the exterior flame, this 
hlack matter, if the quantity he not great, is dis- 
solved, and the glass hecomes first hrignt yellowish 
green, and after farther oxidation, yelfowisn hrown. 
If hrought again into the redudi^ flame, the.colour 
gradually changes to green, and the hlack matter is 

r'n precipitated, hut no fSarther reduction takes 
e. — ^With mic. salt, on the platinum wire, in the 
external flame, it gives a clear glass, yellow while 
hot, pale greenish yellow when cold. On charcoal, 
in the reducing flame, it gives a fine green jglaas, the 
colour of which, on cooling, is increased in heauty.— 
With soda, on charcoal, it acquires a yellowish brown 
colour, hut does not dissolve nor reauce. 

TlTA^JIUM. 

318. A rare metiL It ocean c«a»ft«EiX:) Vdl ^Ir 
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itate of an oxide^ often oombiiied with iron, lime^ or 
silica. 

319. It is exceedingly difficult of fusion and reduc- 
tion. 

S20. Oxide of TUamum, aUme, on charcoal, when 
ignited, turns dark-brown; in a platinum spoMi, 
it turns yellow. It does not melt 

321. With borax, on the platinum wire, it melts 
easily, and ffiyes a colourless glass, whidi flaming 
renders milS white; in the reducing flame, the 
^lass assumes a dull amethystine hue. On charcoal, 
in the internal flame, it melts in large quantity ; 
the glass produced is dull yellow whfle hot, dc«p 
blue when cold^— With mic, soli, in' the oxidating 
flame, it RiTes a transparent colourless glass ; in the 
interior flame, produces a glass which is yellow 
while hot, red while cooling yery fine blueisn yio- 
let when cold. — Oxide of titanium, with mic, scdt, 
and iron, in the reducing flame, yields a glass of a 
red colour. — ^With soda, it effenresces and melts into 
a dull yellow glass, which crystallizes when the ignit- 
ing blast is suspended, and eyolyes a prodigious de- 
gree of heat. Metallic titanium is not attainable by 
the reducing process. — ^With solution of cobalt, it be- 
comes greyish black* 

Cerium. 

328. This is an extremd]^ rare metaL In the ce« 
rite and aUanite, it occurs in the state of an oxide. 
In the yttrocerite, and a few other rare minerals, it 
is founa combined with fluoric add. 

333. It is so yery difficult of fusion and reduction, 
that it can scarcely be said to haye been yet obtained 
in the form of a metal. 

324. Oxide of Cerium, alone, on charcoal or plati- 
num, becomes orown-red, but does not fuse. 

325. With borax f a small proportion of the assa.^ 
heated in the internal flame, nroducea ii ^^»s&) ^"wsox 
j^ow'green wbUe wann, oouraoV^M ^\u&xs^ <y^^\ ^ 
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larse proportion of ihe amy, ^V8t a daw which, im 
co(uing^ becomes crystalline and enamd white. In the 
oxidating flame, it forms a glass of a beautiful red, 
or deep orange colour, which fades to a pale yellow 
when cold. — ^With mie. sait, it produces a glass, fine 
red while hot, colourless and perfectly transparent 
when cold.— With soda, does not fuse nor reduoe; 
the flux is absorbed, leaving a grey-white powder on 
the charcoaL 

WoDANiyM* 

3S6. A scarce metal, said to have been found in a 
mineral called wodan pyrites ; in which it is com- 
bined with sulphur, arsenic, iron and nickeL It has 
not been tried by the blowpipe. Some chemists con- 
sider the existence of this metal to be a matter of 
doubt It rests on the credit of Lampedius. 



Potassium : — Sodium : — ^Lithiubc, 

3S7. These three metals are only ci^pable of being 
obtained in the metallic state l^ the pcSprerful agency 
of the voltaic battery. They are, therefore, merely 
to be considered here as the bases of the three Jixed 
eUkalies, which are binary compounds d the above 
substances with oxygen. 

Potass is com^^ed of Oxygen and Potassium* 
80DA ^ ^ ^ ^ Sodiunu 

LiTHIA ^ ^ « ^ X^nMi* 

These alkalies form the bases of several satine mineti 
rals, and enter into the composition of some of the 
earthy minerals. Lithia is of very rare occorrenoe. 
S38. Before the blowpipe, the alkalies do not pcvp 
sent any phenomena which can be said to charae- 
terise them. They are best distinguished by mtfbis 
of tests. A fragment of a mineral containing an aL- 
kidij if heated to redness, and placed on brasiL-wiood 
paper, or h'tmus paper ledtokod b^ an add, fbnM i 
Blue stain round the ipoi wiMXft \^\k<|. 
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Potass. 

SS9. This is not a plentiftil lubftanee in the mi« 
noal kingdom; it ocean in about twenty earthy 
minerals^ among which are felspar and mica. It 
is also found in combination with the carbonic and 
nitric adds; but does not enter into the composition 
of the metalliferous substances. Nitro-muriate of 
platinum produces in a solution of the salts of potass 
an orange^coloured precipitate; but has no such ef- 
fect witn solutions of the other aUcalies. 

330. CrystaUhed Carbonate of Poiass, before the 
blowp|ipe^ first becomes opaque, and decrepitates long 
and violently^ then melts into a globule which re- 
tains its form on ^latinum^ but on charcoal expands^ 
and is absorbed with a crackling noise. 

Soda. 

331. This is a constituent of about fifteen earthy 
minerals in proportions varying from 1 to 35 per 
cent. It also occurs combined with the sulphuric, 
carbonic^ boracic, and muriatic adds; but is not 
found in metalliferous substances. It is much more 
abundant than potass. 

LiTHIA. 

338. This is a very rare substance. It occurs in 
the petalite, spodumene^ and a variety of the lepido- 
lite. Before the blowpipe, it is distinguished from 
the precedinff alkalies by the following circumstance. 
When heated to redness, on platinum foil, it corrodes 
that metal, and forms a dull yellow trace round the 
spot where it lay. 



Ammonia. 

333. This, which is often called the volatile aikAi- 
li, is composed of hydrogen and mttQ^TL^ vd.^ *^^ 
jUMCcd here xaerelyim accoimtoiilayi wcwi^SL ^^^'^^ 
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line properties. It only occois in the mineral king- 
dom combined with sulphuric and muriatic add. 
We detect it by the odour which is produced when 
a fubstance wnich contains it is mixed with loda. 
Before the blowpipe^ it is entirely dissipated. 

334. We ecmi0 now to the eooiidencioB of the bwt ordor 
of metals, or rathor to the eomidention of Thb £ai|th8» 
vhich «re the lubstanoet fonned by the oombinatioik of the 
different remaining metals with oxvgen* Fqr as these me- 
tals are only separable by means of Xne most powerful gal- 
vanic a£[ency. and scarcely indeed with that, it is only with 
their oxides that we have any thin^ to do. — ^The EUrtbs sre 
ten in number. In the following liat^ they are placed in the 
order of their abundance in the minoal kinadom; that 
which occurs most plendfullv beingr placed at^e top. and 
being ibilowed by the others in regular order:— 



Eariht, 


Metab ofwhU^ ^tey are €Mdet. 


SiUca 


SUidum 


Alumina 


Aluminam 


lime 


Caldttin 


Magnesia 


Magnennin 


Zirconia 


Zirconium 


Oludna 


Gludnuin 


Yttria 


Yttrium 


Barytes 


Barium 


Strontia 


Strontium 


Thorina 


Thorinum 



The Earths, as is indicated by the name, ftmn the pnn- 
cipal part of Earthy Bfinerals ; sometimes ocqixing 
nearly pure, but more freauently in combinatioD dthir 
with other earths, or alkaues, or adds. The m^allie 
matter in earthy minerals, and to which the colour thij 
possess is generally owing, is in most cases an acddenj- 
al admixture. 
^ Of the earths. Silica, Alumina, Xime, and Magpie- 
sia, are by far the moat common, both in simple mine- 
rals and m aggregated masses or rocks ; silica beiiig 
the most and masnesia the least abundant of the four.— 
Siliceous and Aluminous earths are most frequently 
combined with other earths, and with the alkalies potsH 
and soda; but die proportion of the alkaliaa ingiadisBt 
is in some nunoHOa 00 maUt that we know not vhsdMf 



OF SILICA AND SILICATES. 181 



to oiteem it m enential or acddental part;— Lime is 
generally combined with lulphuric or cariMmic add^ 
and more rarely with the fluoric or phosphoric ; it is 
also frequently combined with magnesia, but mudi 
more sparingly with the other earths. — Magnesia is 
sometimes combined with silica and alumina, but more 
generally with lime. 

The other six earths occur in much smaller quantities 
than the pxece^Ung. Barytes and Strontia^ are rare i 
thev occur in veins. Zirconia exists in the Hyacinth 
ana Zircon» Gludna occurs in the Emerald, Beryl, 
and a f^w other minerals. Tttria and Thorina are 
Ibttild in a ftrw minerals of great rarity. 

SiLldA. 

83^. This is esteemed to be the most abundant 
abstance in nature. It is the chief ingredient in 
\ie ffreatest masses of rocks and soils. It occurs in 
tie nurdest gems^ and the softest clays. By analyses^ 
i has been found> in various proportions^ in anout 
iro-thirds of the whole number of earthy minerals 
rhose composition is known. It does not occur 
ombined with acids^ although it is sometimes con* 
lined in acidiferous earthy substances. It appears^ 
ideed^ in many cases, to Dehave as an add itself. 

336. Ahne, on platinum, or charcoal, it is infiisi* 
le. 

SS7. With borax, it melts slowly without efSst" 
eMence; gives a clear glass, which is difficulthr 
[udble and not retidered opaque bV flaming. — Witn 
jda, it effervesces briskly, and nises into a clear 
laas. — ^With tnic, salt, it oiasolyes partiallv and vety 
lowly, without effinrvescence ; the residue oeing ren- 
ened semi-transparent ; thejdass which is formed is 
cnnanently transparent — ^with a small quantity of 
9kUion of cobalt, it becomes pale blue when perfect- 
IT fused ; with more solution of cobalt, black ; thus, 
ilica is distinguished from alumina. See paragraphs 
70 and 343. 

388^ Silkaits. To thbeomhinatioiitef rilietwilh 
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Other earths, Berxelius has applied the term silicates, 
stating that these combinations are in fact salts, in 
which silica plays the part of an add towards the 
bodies with which it is combined. 

339. With mic. salt, a silicate Is decomposed; 
silica is disengaged; die base combines with the 
phosphoric add of the flux. If the assay is large in 
proportion to the flux, it often swells up and absorbs 
the fused mass. If the flux is large in proportion to 
the assay, a globule is formed, holding a tumefied 
translucent mass of silica in suspension. But this is 
only clearly seen when the glass is examined while 
hot ; for most silicates give glasses, which, though 
transparent while in fusion, become nearly opaque 
when cold. If the assay contains but a small quan- 
tity of silica, it generally dissolyes in the flux en- 
tirely. 

340. With soda, the silicates derelope difib'ent 
phenomena ; acting according to the relation which 
exists between the ouantity of oxygen in the mlica, 
and the quantity or oxygen in tne base whidi is 
combined with the silica. This, at least, is the opi- 
nion of BerzeUus, to whose works we refer for an 
enunciation of his theoretical views upon this difli- 
eult subject. We have no room for discussion here. 
The following facts are therefore given without any 
attempt at explanation : — 1. Every earthy or stony 
substance which efiervesces with soda, and melts 
into a permanently transparent glass, is silica, or a 
nlicate. 2. Decomposition and the formation of a 
glass sometimes partially take place ; but the unf^ 
ed part of the assay absorbs the glass into its ^ores. 
3. A silicate will often form a clear glass with a 
small portion of soda; an opaque one with moire 
soda ; and become infusible with a quantity of soda 
still larger. 

Al\]VINA.. 

341. This earth is theYnmaci «\\ ^Sea eoc^^ 
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argiUaoeoiis gubBtuices^ and is, therefore, one of the 
most plentifiil of mineral oonstituentB. Indeed, it ii 
the most abundant of all the earths^ except silica. 
One of ihe simplest characters by which aluminous 
minerals are distinguished, is^ tnat when breathed 
upon, they give out a peculiar earthy odour. Alu- 
mina occurs in metallic minerals in small quantities. 
348. Alone, heated on platinum or charcoal^ it is 
infusible, but contracts and becomes hard. 

343. With borax, it sbwly melts into a transparent 
slass, which is not rendered opaque, either by oool- 
ing or flaming. If pounded alumina be added in 
large quantity to the glass while hot, it mixes with 
it and makes it opaque, but does not fiise. — With 
soda, it swells, ana forms an infusible compound.-— 
With mtc. soli, it fuses into a dear glass, which sa- 
turation does not render opaque. — ^With sohiion of 
eobaU, after having been dried and stron^y ignited 
for some time, it gives a beautiful bright bme colour, 
which becomes deeper, without losing its beauty, by 
an additional quantity of cobalt. This is the moat 
striking character of alumina, the presence of which 
in compound minerals may in this manner be easily 
detectea; unless they contain also a great prc^r- 
tion of metallic substances, or a large quantity of 
magnesia. The blue colour is onlydistmctly seen 
by day-light, and when the assay is perfectly c^d. 
See paragraphs 170 and 337. 

344. Bergman says, that Alumina effinrvesces with 
soda, " a little ;" with borax, '' remarkably ;" with 
mic. salt, *' still more violently." Neither Gahn 
nor BerzdiuB say anything about the effisrveseenoe 
of alumina with the fluxes. Bergman used pore 
clay from earth of alum in his experiments. 

Lime. 

345. This substance is exceedingly abundasit vbl 
the mineral kingdom^ not in a pixce ataAA, "Wx %«i!Af- 
rally in combination with adds^ soick ia ^« ossf^o* 

M 
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mc, milphuric^ fluoric, tnd leyerftl oihen. with whidi 
it forms addiferous earthy minerals. Carhonate of 
lime or calcareous spar, siuphate of lime or gypsum, 
and fluate of lime or fluor-spar, are minerafi of this 
land of frequent occurrence. 

S46. Alone, on charcoal, or platinum, it neither 
mdts nor sufiers any chan^. 

347. Carbonate oflAme, is easily rendered caustic, 
by the volatilisation of its add ; at die same time 
emitting a brilliant light. It evolves heat and falls 
to powder on being moistened. This may be easily 
tried by placing a partide of lime, just cooled aftes 
burning, <hi the back of the hand, and adding a drop 
of water. The hydrate thus found is infiiaiue. 

34B. Wi^ boraxy lime mdts into a dear glass, 
which flaming renders opaque ; the carbonate fuses 
with eflervescence ; a laiuer quantity of lime (dther 
ihe carbonate or the pure^ gives a transparent glass 
which on coding cry staliixes ; the glass of lime is 
never so perfect^ milkj as those farmed with ba- 
rytes and strontia. — ^With soda, it is infridble, but 
the carbonate eflbrvesces and is divided into jwrtides. 
—With mic. salt, lime fuses in large quantity; fbnfll 
a glass which remains transparent when cold ; the 
oanwnate does the same, but efifervesces connderablv 
during fudott : if the gjass is supersatmrated with 
lime, and is exposed to a long-continued blast, it 
then turns milk white on coolintf.— With solmiim rf 
tobaU, it gives a dark grey infumple 



849. '' It in observable,'* says Beigman, ** that a very 
small piece of cdcareoas earth u easily diaaolved in boiax or 
microeotmtc sdt, yielding a spherule dtMethcr peUndd i 
but if more earth be (padually added, the flu. at length «^ 
turated, retains the dissdved matter, indeed, wmla in pofeet 
fusion ; but, on removing the flame, the part which was taken 
up by means of the heat aUme, separates ; hence, donds 
arise at first, and the whole globule becomes opaque, bot 
fecoven its transparency again by ftision. This is entirely 
•AMnspondenttowhathappeiisin\hah«midway. Fofrtrstm 
WMter, saturated withmnee^vt G\ML>NC«iAl»^^acL«MUBCi 
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if o|ilu|td pa deposit that part wbiA it had taken «p in ts^ 
tiie ofita wazinth. If the fvuwd- peUndd globule, which 
would grow opaque upon cooling, oe quidcty plunged Into 
melted tallow, water, or other lubitance, hot, (for cold gpm 
nerally cracks it.) so as to grow suddenly hard, it retains its 
transparency ; the particles being as it were fixed in diat 
state which is necessary to transj^irency. This is a p)ieno» 
menon highly worthy of obsenration, and which cannot be 
seen in the crucible. 

350. Sulphate of Lime, or Gypsum, is easily re« 
duced to Bulphuret, and possesses^ besides, the pro« 
perty of combining with ^uor-spar^ fonningj a dear 
glass^ in a moderate heat See {laragniph 179. 

351. The substances in which diis earth jg;enerally 
occurs are serpentine, basalt, and magnesian lim^ 
atone. It is also found, in rather snuul quantities, 
in about thirty earthy minerals^ and in a lew mine- 
rals of the metalliferous class. It also occurs com- 
bined with the carbonic, sulphuric^ and boradc 
acids. 

362. Alone, on platinum, or charcoal, it undergoes 
■p phange j but produces an intense brightness in 
the blowpipe fl^me^ 

353. With borax, it behay^s like liine.f— With 
9oda, it has no aPtion.-r-With ^lic. mqU, it fuses rea- 
dily ; a small Quantity forms a dear glass which be^ 
comes oiMme by flaming; a Urge quantity gives a 
g^ss wnicft on cooling spontaneously becomes milk 
white. 

35^ With sohUUm of cobaUt when strongly iffUn 
ted, a faint reddish colour like flesh is produced. The 
tint, however, is only distinguishable when the aar 
say is peifectly cold, and by day-light. Magnesia 
may hj this process be detected in compound bodies^ 
in which it occurs in very small proportions, provid- 
ed they do not contain mudi metallic matt^, or «^ 
j^oportion of alumina exceediagj ihaici iVi^TGASBSke.^ 
sia. Some inference as to the qiuoi^V} ^ \s^^^Di»^ 
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contained in « mineral may generally be drawn from 
the intensity of the colour produced by the assay. 
See paragraph 170. 

36S. Carbonate of Magnesia, alone, loses its add. 
—With borax, it effervesces ilightly^ and behaves 
like pure inagne8ia.-^With mtc. mtt, the effbrves- 
oence is more violent. — ^With 9oda, it effinrvesces a 
little^ and is somewhat diminished. 

ZiRCONXA. 

356. Occurs very sparingly ; found only in a few 
minerals. 

357. Ahne, on platinum^ or diarooal, it is infusi- 
ble : but is remarkable for emitting a light of intense 
brilliancy. 

356. With borax^ it behaves like glucina. — ^With 
soda, the same. — With mic. salt, the same; but dis- 
solves more sparingly, and the glass more easily be- 
comes opaque. 

Glucina. 

359. This is found only in small quantities, and 
in a very few minerals, namely, eudase, beryl, eme- 
nJd, gadolinite, and topazolite. 
- 360. Alone, on platinum, or charcoal, it experiences 
no change. 

361. With borax, it dissolves in large proportion ; 
forms a clear glass, which flaming raiders milk 
white ; if supersaturated with the assay, the glass 
spontaneously becomes milk white on coolings — 
With txida, no action ensues. — ^^Vith mic, salt, as 
with borax.— -With solution of cobalt, it forms a oark 
grey mass. 

Yttria. 

362, Of extremely rare occurrence. 
363. Its habitudes beioce \!i^e VAoni^i^ resemble 
those of gludna. 
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Barttes, 

864. This is rather a sca^rce lubstaaee- It occor* 
combined either with Uie solphimo or carbonic acid> 
forming oompounds which may be readily distin- 
gnifihed from most other earthy miDierals, by Ibeir 
great ^ecific gravity. 

dSS. Alone, on charcoal^ or pktinam, it is in« 
fusible ; but when containing water, it faitomesces 
and melts, and if on charcoal, peaetratea it, and 
forms a solid crust 

366. Carbonate of Batytet, on phitinum, very 
easily melts into a clear glass, whidi becomes a white 
enamel on cooling; on charcoal, it melts easily, 
^ryesces strongly, sputters up, becomes caustic, 
and sinks into the support. 

867. With horajp, a small quj^nti^ of eiUier of 
the aboye, efferresces briskly, and fuses into a cleat 
glass whith becomes opaque by flaming ; a larger 
portion of Uie assay produces a g^ass which turns 
enamel-white on oooting, without flaming. — ^With 
mtc. tali, the same phenomena take place as with 
borax, but foamsand mtumesces; ends ma dear glass, 
or a white enamel, accordmg to^theproporticm borne 
by the assay to the flux. — Witn soda, on charcoal, it 
melts and is absorbed.— With iobition of cottdt, it 

S'ves a reddish biowa globule ; the colour of wlucb 
ies on cooling. 

368. Svlphate of Barytes is oonyerted, in the in- 
terior flame, into a sulpnuret, and is absorbed by 
the charcoal, with eflfenrescenee, which is Continaed 
as long as it is exposed to the action of ihe blow*> 
pipe. 

Strontia. 

3^9. ThJ^ is a scarce earth. U Qj(;pun(ixv\l)^V9\^ 
atates of carbonate and tolphatifs. 
39^0. ^^!&m, oD pbtanug, or cbKCOiI> c^^^!^^ 

m2 
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cr in the state of a hvdrate, (tliat is^ containing 
water,) it behaves like barytes. 

371. Carbonate of Strontia, held in small thin 
plates, with platina forceps^ in the reducing; flame, 
melts on the sur&oe ; the carbonic acid is driven off^ 
and the assay assumes a ramified cauliflower appear- 
ance, possessinff a dazzlinjs; brightness. In an in- 
tense neat, and on the side of the plate farthest 
from the lamp, a red flame is seen, sometimes edged 
with green, and scarcelv perceptible but by the light 
of a lamp. The raminea portion is alkaline. 

372. With borax and mic. salt, it behaves like 
barytes. — ^With soda, caustic strontia remains un- 
changed, but the carbonate in small quantity melts 
into a dear glass which becomes white on cooling, 
or if strongly heated, bubbles and is abst^bed ; a 
large quantity of the carbonate only fuses partially. 
— Witn solution of cobalt, it turns black, but does 
not melt. 

373. Sulphate of Strontia is reduced in the in- 
terior flame to a sulphuret Dissolve this in a drop 
of muriatic add, add a drop of alcohol, and di^ a 
small bit of stick in the solution : it will bum with 
a fine red flame. 

Thorina. 

374. This earth has only been found in a few rare 
minerals. It occurs- in tne fluates of cerium and 
yttria, and sometimes in the gadolinite. We are bat 
little acquainted with its properties. 

375. Alone, it is infusible. 

376. With borax or mie. salt, it fuses into a trans- 
parent glass. 

Acids. 

377- The foregoing descriptions of the duuracteristic phe- 
nomena presented by metallic substances beftne the tuow- 
pipe, win enable any one readily to aseertafai the naton of 
die Babx of any same eompotmi wluch be may have to 
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examine. It is necessary to Mnw now, by what means l^ 
Acid may be distingaisned. 

978. The acids which enter into the composition of mine« 
rals are aboat thirteen in number. Of these, four are 
metallic acids, and have been aheadv treated of: namdy, 
the tongstic, chromic, molybdic, and vsenic adds. Only 
nine, thoefore, remain to be described ; these are the fol- 
lowing: — 

Adds, Elements of which they are composed. 

Carbonic Carboiir and Oxygen 

Phosphoric PhosphoruB Oxygen 

fluoric Flucnne Hydrogen 

Sulphuric. Sulphur Oxygen 

Muriatic Chlorine Hyorogen 

Nitric Nitrogen Oxygen 

Boradc Boon Oxygen 

Succinic This ia the add obtained from 

Amber, It is a triple compound 
containing Carbon, Oxygen, and 
Hydrogen. 

Mellitic This is the add obtained ftom 

Honey tUme, Its nature is un- 
known. 

The carbonic, phosphoric, fluoric, sulphuric, muriatic, 
nitric, and boncic adds occur combined with eartht»—^The 
caibonic, phosphoric, sulphuric, and muriatic adds are 
found mineralizing certain metalt^^Ths nitric and carbonic 
adds are found united with fiotasi, — The carbonic, sul- 
phuric, muriatic, and boradc adds occur in combinatioh 
with *oda. 

379. Carbonic Acid^ — The blowpipe affords no 
method of detecting ti^s so good as the common one 
of a drop of nitric or muriatic acid, by means of 
which efiervescence is produced. 

380. Phosphoric Acid. — This occurs in combina- 
tion with various earths and metals, forming phos" 
phates. It is found also, in venr small proftortions 
m wavellite, lazulite, and a ievr other minerals. 
Now, as phosphoric add has the property of being 
precipitated with the earthy bases, in experiments 



liO or ACtoi* 

Hlfi 1 in the wet 4Kiy ; it conseqiiently hem 

quently eludes the researchet of the chemist vhea 
he operates in that manner. Hence b test to dptect 
it in the dry way becomes the more desirable. The 
following will be ^nd an effectual method : — Melt 
the assay with boracie acid, on charcoal, and blunge 
into the globule, while it is hot, a bit of steel wire^ 
a little longer than the diameter of the globule^ 
Then heat tne whole i^ good reducing flame. If 
the assay contain less ^n a twentieth part of its 
bulk of phosphoric acid it will not be rendered evi- 
dent ; the wire will bum at the projecting ends, but 
preserve elsewhere its metallic brilliancy. But if a. 
j;reater proportion of phosphoric acid be contained 
m the assa^, it is decomposed ; and there is simul- 
taneously rormed borate of iron and phosphuret of 
iron. The latter melts in a strong neat» and the 
assay resumes its globular figure. When it is cold, 
the globule may be wrapped in a piece of paper, and 
struck with a hammer ; when there will be found 
among the fragments a metallic globule bore or lew 
brittle, magnetic, and with 9 fracture having a steel 
colour. This is the phosphuret of iron. It is 
necessary, however^ to observe, that this experime^^ 
does not succeed if any other substance be present 
in the assay, capable of being reduced and frissd 
with iron ; sudi as the sulphuric or arsenic add. 

381. Fluoric Acid. — This is characterised by fts 
peculiar odour and by its properties of corroding 
g^lass, and of changing the r^ colour of brazil-wooa 
test paper to yellow. If a small piece of b fluate be 
moistened in a watch glais with muriatic add, die 
mixture after a few seconds, produces its peoiliar 
effect when rubbed on brazu-wood paper.-^lf s 
mineral containing a large quantity of fluoric maA, 
be mixed with fused mic. salt, and heated in tib^ 
open tube, fluoric acid gas is formed. This may bi^ 
known by its pecuiiax odouX) \rs SSol oonroding ikp 
interior aiurfaoe o£ tkk& |s|bMVQte,«DilVs^Qutifi«i 
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produced on a piece of bflkil-wood paper insert|^ 
iDto the upper part o£ the tube. This plan is best 
adapted for the minerals of 'which fluoric acid is an 
enential part, such as fluor-spar, top»aSy crydite^ &c. 
'^M ica> and other minerals, contuning a small por-i 
tion cf fluoric add, as ah accideiftd ingredient, an 
best tried in a small matrass, when the usual 
efibcts are developed, though in an inferior dqpree. • 
389. Sulphuric Acid, — ^globule is formal by 
melting together silica andVma, and the mineiml to 
be trira ia placed on this. Or the assay is mixed 
with the soda, previous to its fusion with the silica. 
The first method produces the most accurate result ; 
the second is the easiest process. In either case, if 
sulphuric add is present, and if the assa^ fuses 
when exposed to the flame, the sulphuric acid is de- 
composed, and sulphuret of soda is produced. This 
is known by the dark orange or redoish brown tinge 
acquired by the glass, eitlier while hot or when 
cold. 

383. MUHatie Acid,^To detect this, oxide of 
copper and mic salt are melted into a dark green 
fl^bule. The assay is added to this, and the whole 
is exposed to the blast : if muriatic add be present, 
the globule becomes surrounded by an elegant blue- 
ish purple aflame, which continues as long as any 
muriatic add ranains in the assay. — lodate* treated 
in the same way as muriates proauce a superb deep 
green flame. 

384. Nitric Acid. — ^The fusible nitrates detonate 
with charcoal. The infusible nitrates, when gradu- 
dUy heated, till they are red hot, in a small matrass, 
give out the orange coloured vapour of nitrous add. 

385. Boracic Acid. — ^No flux or re-agent has yet 
been discovered capable of detecting in blowpipe 
experiments minute quantities of this substance, 
wnich is the more to be r^;retted, as it frequently 
occurs in minerals in minute propotViou^. 
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Hydrates. 

386. Nearly aU mineiaky whcD heated in the 
Moirosffy g;iYe off moR or len water, the slightest 
trace of which oAdcnsea in the npfier part m the 
apparatus. In most cases, water exists in minends 
as an accidental ingredieoty especially in those of a 
poroos texture. But in a lew suhstancea it is an 
essential oonstitiicnt psJI^ aa is erineed bv the dif- 
linence existins be t ween the fonns of tae primary 
crystab of hydroiis, and those of anhydiofOBp sol- 
phateof lime. 



SYSTEMATIC ARRANGEMfeNt 

or 

SIMPLE MlKBilAl.8, 

THEIR MOST IMPORTANT CHARACTERS^ 
PHYSICAL ANi/ CHEMICAL ; 

ANb ADAFtED TO 
AIB THE STtJDENt IN HIS PROGRESS ik 

MINERALOGY, 

BY FACILITATING THE DISCOVERY OF THE 

i^xdH of ^f tietf. 



987. As ibe ndiails of the following Syst^ has 
hte^ fully explniiied in the Intiioducuoii, it Is un- 
necesfiaty to m>uble'the reader with any remarks 
here. We shall proceed at once^ therefore^ to lay 
before him the details of the plan which is there 
utafoidM. 

388. In th^ fl^stpUufte, We sHiili giVe ihe Estetiiial 
Cfaarabtets ef aU the eklises cdUeedTely, and then 
proceed to ihe description of each particular class. 



389. Class 1. COMfiUSTIBLft MINERALS- 

Essential CKai^acUrk : — 

The substances of this class are of low spectre 
gravityj scarcely exceeding 2. 0. (water being 
=: 1. p.) when pure ; none are above 3. 5. (ex- 
cept the diamoDd)i tnd seme «rb superaatant. 
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They are all soft ; f ome liquid ; the hardest yield 
with ease to the knife^ — except the diamond. 

Some of them are eminoitly combustible^ humiog 
away at, or helow, a red heat. 

The rest are comhostible with greater or less ease, 
and more or less completely^ by the action oif 
the blowpipe. 

The diamond, wluch differs so remarkably in its 
specific gravity and hardness from the other mi- 
nerals of this class, is slowly combustible at a 
heat rather below the meltiiig point of silver. 



390. Class 2. METALLIC MINERALS. 
Essential Characters :— 
Specific Gravity exceeding^ 

when scraped.....^...* .^.^^^^j 

Or, 
Specific gravity less than 5. 0. but more than 2> ^ 
and destitute of metallic lustre, but 

a. Reducible to the metallic state by the 

blowpipe, or 
h. Rendered Magnetic by the blowpipe, 
or 

c. Volatilized, wholly or in part, by tbs 

blowpipe, producing a vapour, or 

d. Communicate a colour to borax by tbs 

blowpipe. 

Some of the substances in this class, like the non-metallic 
. minerals of dass 1, aie InflamniaMe. No eosMoo, 
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however, can arise hence ; because all such substances 
greatly exceed in spedfic gmvitT the heaviest of the 
combustible minerals. — The specific gravity of the mi- 
nerals constituting dass I, ver]|r raidy, indeed, rises so 
high as 2*5., while the specific gravity of those of 
dMS 2, as seldom descends so low. 



391. Class 3. EARTHY MINERALS. 
Essential Characters: — 

Insoluble in water 1 TViese charactendUHnguith earthy 
TnsAnifl .. . -. immeralt from taUne. 

Incombustible at a \ This character ditHnguithet earthy 
white heat......^ J mineraU from combustible. 

Specific gravity less than 5-0.*.^'^ 

Destitute of true metallic lustre* 

Neither Redudble to the metallic 
state^ nor Volatilizable at a high 
temperature^ before the Blow- 

Plp e-Jumju i f i'i' I i -f r- •■• ■•■-' ■■.. ■■.■.■■■■■■■.■■■ 



T?iese characters 
taken together 
> distkigm^ 
earthy from 
metamcfi^nerais 



392. Class 4. SALINE MINERALS. 
Essential Characters: — 

Soluble in water, ) T^ charact^t aresuffidentto 

^ . , ydisthiguish saBne rmnerals from 

Taste sapld„,^. — ) aU others. 



* A few earthy minerals have a metallic appearance, 
which arises from their possessing a fidse or pseudo-metal- 
lic lustre. But the illusion is destroyed by scraping the 
surface of such minerals with a knife, upon wnicn the 
lustre vanishes ; whereas, minerals possessing the true me- 
tallic lustre, become brighter when tney are scraped. 

N 
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3§3. All the aboTe Classes of Minenla are diTided 
intoOBDEBS^ most of these Orders intoGES'SKA, and 
the Genera agmin into Families; every succesuTe 
division beins founded on chancten that are pecu- 
liar to the bodies which coDstitute it ; whoeiore^ an 
account of these characters is placed at the head of 
every division. By this means, the enc^uirer is di- 
rected straight onwards to the object he is in search 
of, like the traveler who meett at every comer with 
signs to direct his course. 

394. Notwithitanding the copious directxona which wc 
faan-e already ^ven far the managemmt of piDce wc s with 
the blowpipe, it miy probably be as wdl, befbn we enter 
upon the description of the minerals to make a few re- 
marks upon the general manner of examining their habi- 
tudeti. — Let it be supposed that the student has a mineral, 
which, in order to anccrtain its name, he inttnda to cxamiBe 
by the blowpipe, and that this mineral has been properly 
prepared for that purpose, bjr the preliminarj o]^erations 
formerly described, the question then is, — ^how is he to 
begin ?— In the first place, the mineral is to be heattd in 
the matrass, in the manner, and with the objects, desoibcd 
in paragraphs 106, 138, 139. After which, it must be heated, 
idone, on diarcoal or some other supptnrt, and die pheno- 
mena be observed which are described at paragrapn 141 ; 
or, at least, such of them as may be devuoped. Ijaatly, 
the substance must be tried with the different fluxes, the 
various habitudes with each of which must be obsarred 
attentifdy. PSmgraph 180 gives a tabulaz view of what 
may be expected to occur when a mineral is heated with a 
flux. 

395. When an assay is exposed to the blowpipe, the best 
that is first applied should be as low as MBsible ; the tem- 
perature of the air on the surfsce ot the jet of flaae 
which is projected from the lamp, is suffident to produce 
on many minerals a very sensible effect. Thus, in minendi 
which exhibit the phenomena of phosphorescence, that pro- 
perty is best ehdted in diis heat ; the fusible JnAammsWe 
minerals begin to melt ; and various Rahoie substaaon Im 
their water of crystallization. This tempeiature, thaeftRt 
is that in which the properties of minends shouftd bs fint 
investigated. To produce this beat most cenvaideatly, the 
fiame would bs dixeeted immediately ckve the Mny9 ssi 
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direotecl Umaris or upon it— »Li die ouTXm flaxx of the 
Mowvipe jet, a minenl ii raised to a tolerably Aillied heat, 
whiea produoes the followiog eflfeets. Chamge qfCuiamr t 
that, tne yellow ores of inm "beoome zed, and the peach 
bhMsom tinge of flowers of cobalt becemee blue. Martkf^ 
hydrates lose their mater, and then assume a particalar ap« 
pearanee i dius, gypsum exfoliates, and prehnite and meso- 
type throw up coarse and irregular ramifications. Certain 
minerals begin to tinge the flame ; thus, carbonate of stron- 
tian produces its peculiar crimson colour, and muriate 
of copper its characteiistie deep gveea flame. The roasting 
of the metallic ores is best carried on at this heat : sulphur 
and selenium are driven off, and are discovered by their pe- 
culiar odours ; arsenic is sometimes volatilized, but not so 
completely as by the inner flame ; grey antimony^ melts ; 
native bismuth ezhudes from the pores of its matrix ; and 
pearlspar blackens and becomes magnetic — The inte- 
Bioa FLAME, which possesses a still higher degree of heat, 
produces another series of phenomena. These are much 
too numerous to be stated here, and it is, indeed, unneces- 
sary to adduce exam]^le9; for the habitudes of mineral 
constituents described m the preceding pages, if considered 
in comunction with the tables at paragrai^ 13d, 141, 180, 
will afford all the information on this point which the stu* 
dent will find necessarv. It is sufiident to say here, with 
respect to the effects or the interior flame, that JUsion and 
reduction, more or less perfect, are what are produced by it, 
and that Uie chief thing to be attended to, is the nature of 
the substance that is the result of the experiment. 

896. ** Most of the inflammable substances^ when exposed 
to the apex of the flame, begin to Houefy, unless entangled 
in much earth, which vet does not always prevent their in- 
flammation. When tney are once inflamM, let the blast 
be stopped until they have burned away, either alone or 
with a flux ; and the residuum, if any, be examined after- 
wards by the flame.** Bergman^ — In trying the habitudes 
of the earthy minerals with the blowpipe, recourse to fluxes 
is seldom necessary; but, when metallic substances are 
operated, upon, fluxes are at ahnoat all times a useful and 
necessary addition, since the colour derived by the latter 
from the former, is one of the principal characteristics by 
which the metals are recognized. — In all cases where a 
metallic globule is obtained, it should be separated ttom 
the adhenng scoriae by washing and pounding (see the re- 
doeing process}, and examined with regard to ht loallea* 



148 COMBUSTIBLE MIHBHALS. 

Irility and the other exienal winJ e iti e B by which the indi- 
▼idual metals are distiiigiiishea. If the name of the metal 
is not disooreraUe by these means, it most be placed Main 
befoie the blowpipe, and its habitudes, with and wimioat 
fluxes, be oompwed with those whidi are deaoibed in the 
preceding pages, as characteristic of the diflbrcnt minoal 
oonstitoents. By poceeding in this manner, iht student 
cannot fail to idoitify the snostance that is oper ate d upon. 



Class 1. COMBUSTIBLE MINERALS. 

397. For the Essential Characters of this Class, see 
paragraph 389. 
It is divided into two Orders, as follows : — 

Order 1. Combustible with Flame, 

Order 2. Combustible without Flame, 

These Orders are not divided into Genera and 
Families ; because the species com|n^ended by each 
are few in number and easily discriminated. 



Order 1. Combustible with Flame. 

398. Mineral OiL — Two substances are compre- 
hended under this term ; both of which are liquid, 
highly inflammable, and lighter than water : — 

a. Naphtha. Perfectly fluid ; transparent ; neti^ 
colourless. Sp. gr. 0*7. — Takes fire on the amvoacft 
of flame ; gives a bright blueish light, a considef- 
able smoke, and a penetrating o£mi ; leaves no 
residuum. 

i&. Petroleum. Fluid, but of a thicker consistence 
than common tar; viscid; translucent; dark brown; 
strong bituminous odour. Sp. gr. 0*9. — ^Bums with 
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a wick when betted; during eombustiony gives out 
a very thick black smoke ; l^vet a little black coaly 
residuum. 

399. Mineral Pitch, — ^There are three Tarieties 
of this, which vary from aolid to semi*fluid; all 
become soft and viscid when heated ; bom readily 
with a bright yellow flame, leaving a small re* 
sidue : — 

a. Cohesive Mineral Pitch, Mineral Tar, Earthy 
Bitumen, Maltha. Amorphous; earthy; brown; 
dull ; sectile ; very soft ; strong bituminous odour, 
^fiurns with a brisk clear flame, emits an agreeable 
odour, and deposits much soot. 

b. Elastic Mineral Fitch, Mineral Caoutchouc, 
Elastic Bitumen. Nodulous masses ; greenish brown 
and black ; translucent ; soft ; flexible ; elastic ; sec- 
tile ; strong bituminous odour. 8p. gr. 1*0. — ^Buma 
with a large flame and much smoke. Melts in a 
gentle heat. 

c. Compact Mineral Pitch, Comnact Bitumen. 
Asphaltum. Massive; brownish black; fracture 
conchoidal with a shining resinous lustre ; opaque ; 
brittle ; has a bituminous odour, when rubbed. 
8p. gr. 1*6 — l'O.^Burnsfreely,leavingasmallquan-« 
tity of ash* 

400. JBrown Coal, Wood Coal, Bovey Coal, Fi« 
brous Coal, Bituminous Wood, Carbonated Wood, 
Surturbrand. — Massive ; fracture earthy or fibrous, 
with a woody structure ; colour blackish brown ; 
soft. Sp. gr. 1*1. — This substance is principally 
characterised, by its burning with a weak flame, 
and an odour resembling that of peat. 

b, Kimmeridge Coal, Brown Bituminous Shale. 
This is a variety of Brown Coal, having a flne skty 
structure, and a liver brown colour.— Burns feebly, 
leaving a large earthy residue. 

401. Jet, Compact Coal, Pitch CoaL-*-€olour 
black ; lustre shining ; fracture perfectly conchoidal; 
oeoon in branehiform masses ; structure ligaaoas ; 

N 2 
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does not soil ; soft Sp. gr. 1-9- — ^Boms with a green- 
ish flame and a strong bitiuniiioiis odoar^ leaTiDg a 
yellow ash. 

402. Black Coal, Common Coal, Foliated Coal, 
Slate Coal.— Colour Uack ; often with an irideaeent 
tamiah ; maasiYe; stnictore thi^ daty ; fr ac ture un- 
eren ; lustre shining reainoos ; aoOs. Spu gr. 1-S^ — 
Bums with a bright flame and much amoke. 

403. Canntl Coal, Candle Coal, Pkrrot Coal of 
Scotland. — Colour greyiah Uadc ; maaBve ; li ac tuie 
imperfectly slaty in the large; flat oonclioidal in 
the small ; glimmering ; does not soiL Sp. gr. 1*2. 
— ^Bums with a bright flame, at the aame time de- 
crepitating and flying into angnlar firagmenta. 

404. Amber. — Occors in nodules ; orange-colour, 
yellow, and yellowish white ; firactoiie conchoidal ; 
transparent; brittle ; stion^y reaino-electric by firio- 
tion ; yields eaaihr to the knife. 8p. gr. 1-1^ — 
Bums with a yellow flame, a copious amoke^ and 
flagrant odour, intumesces at the aame time, bat 
scarcely melts. The transparent kinda Tolatiliae 
entirely. The opaque leave a residuum. 

405. Retinasphalt. — Occurs in small irregular 
lumps ; colour pale brownish jrdlow ; oiMique ; 
glistening resinous; fracture conchoidal ; brittle; aolt 
Sp. gr. 1-1. — When held to a candle, it melts, 
smokes, and bums with a bright flame and a fira- 
grant odour. 

406. Fossil Copal, Highgate Resin. — ^Amorphous ; 
colour yellowish brown ; translucent ; lustre resin- 
ous; brittle; yields easily to the knife; rather 
heavier than water. — ^When heated, it givea oat t 
resinous aromatic odour, and melts into a lim^d 
fluid ; when applied to the flame of a candle, it taaes 
fire and bums with a clear yellow flame and much 
smoke, leaving no residuum. 

407. Dysodile, — Massive ; lamellar ; yellow or grey; 
extremely fragile. Sp. gr. 1*5. — Burns with a con- 
siderable flame and smoke, and a crackling noifie; 
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ffiving out an almost insupportably foetid odour^ and 
leaving a residue of nearly naif its weight, unchanged 
in form. 

408. Sulj^ur, Brimstone. — Occurs in nodular 
masses, or crystallized in acute octohedrons ; colour 
yellow or orange, with a tinge of green ; transparent 
or translucent; fracture conchoidal; lustre shining 
resinous ; yery brittle ; remarkably resino-dectric by 
friction. Sp. gr. 8*0. — Easily inflammable; bums 
with a lambent blue flame and a suffocating odour ; 
fuses into a brown liquid. 

b. Volcanic Sulphur. Occurs in the fissures of 
lava ; generally stalactitic or pulyerulent; agrees with 
the piecing in its other characters. 



Ordbr 2. Combustible without Flame. 

409. Mineral Charcoal, Mineral Carbon. — Occurs 
m thin lamine; greyish black; fibrous or wood- 
like in texture; friable; glimmering silky lustre; 
soils strongly. ^Bums nearly as rapidly as common 
charcoal, with neither flame nor smoke. 

4ia Blind Coal, Glance Coal, Anthradte^There 
are three varieties of this mineral, all of which bum 
without either flame or smoke, leaving a little ash : — 

a. Massive Anthracite, Conchoidal Glance CoaL 
Iron black ; often with a q[»lendent metaUic tamish ; 
fracture conchoidal ; shining ; light ; brittle. 

b. Slaty Anthracite, Slaty Glance Coal, Blind Coal, 
Stone Coal, Weldi Culm, ELilkenny Coal. Brownish 
black ; fracture idaty in one direction, conchoidal in 
the other ; lustre inclining to metallic ; easily fran- 
gible; sectile; brittle. Sp.gr. 1*6. 

c. Columnar Anthracite, Columnar Glance Coal. 
Occurs in small short prismatic concretions, often 
curved ; iron black ; shining ; often with a metallic 
tarnish; opaque; soft; light; brittle. 
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411. Plumbago, Graphite, Bhck Lfid, Occmi in 
kidnej-ahiiped masses; stmctnre kmellar; eoloiir 
iron grey; lustre glistening metallic; soft; une- 
tuous ; perfectly seetile ; sous ttatcfof^j, glTing a «lis- 
tict mark on paper. Sp. gr. 2*1. — Bdfore the blow- 

Eipe it is infusible, but, by a long-eontinued red 
eat, it bums without flame or smoke, leaTinea 
portion of red oxide of iron. It is not acted on oy 
the fluxes. 

419. MellUe, Honeystone, Mellate of Alumina. 
— Occurs in grains and octohedral crystals; coJkmr 
honey-yellow ; translucent ; shining ; soft ; brittle ; 
refracts doubly. Sp. gr. 1-6^ — In the matrass, akme, 
whitens, gives ofi^ water, and turns opaque. On 
charcoal, hecomes of an opaque white wiUi Uack 
spots, contracts, and at last is reduced to ashes, 
which slightly efiervesce with acids. 

413. Diamomd* — Occurs cr]ptaUlaed, and in round- 
ish grains which often present indicationsof crystidline 
faces ; form, the regular octohedron and its yarieties, 
which are usually curvilinear polyhedrons ; structure 
))erfectly lamellar, with joints parallel to 4he faces 
of the octohedron ; in general colourless, but some* 
times with a tinge of grey, blue, red, yellow, green, 
brown or black ; lustre highly splendent, adaman- 
tine ; more or less transparent ; possesses a high de* 
gree of refractive power ; hardness superior to that 
of every other substance. Sp. gr. 3*5. — Infusible 
before the blowpipe ; but, at a wnite heat, it abwly 
burns away. 



Class 2. METALLIC MINERALS. 

414. For the Essential Characters of this daify 
see paragraph 390. 
It is divided into two Orders, as foUova:— 
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Oadee 1. VokUilizable, ^whollif or in part, on 
charcoal, before the BUnopipe, into a Vapour 
which condenses in a pulverulent form on a 
piece of Charcoal held over it, 

OnsEii 2. Fixed; not VolaHUmble, except at a 
white heai. 

These Orders are respectively diyided into Genera^ 
in agreement with certain subordinate general cha- 
racters. 



Order 1. Volatilizable, wholly or in part, on 
charcoal, before the Blowpipe, into a Vapour 
which condenses in a pulverulent form on a 
piece of Charcoal held over it. 

415. This Order is divided into three Genera, as 
follows;— 

Genus 1. Entirely, or almost entirely, Volaiili'Xr' 

able. 

Genus 3. Partly Volaiiliwble ; the Residue cf- 

fording Metallic Chrains, with Borax, on Char" 

coal. 

Genus 3. Partly VoUUiHzable ; the Residue not 

Reducible to the Metallic state with Borax. 

Every Genus is farther divided into Families. 



Genus 1. ENTiasLv, o& almost BNTiazLy, 
Volatilizable. 

416. This Genus is divided into two Families: — 
Family 1. Lustre Metallic. 
Family 2. Lustre Non^Metallic. 
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Family 1. LuHre MeialRc. 

417. Native Arsenic. — Colour pale lead grey ; ex- 
ternally dull ; occurs botryoidal ; structure concen- 
tric lamellar J fracture granular^ often diyemngly 
fibrous; soft; frangible. Spt. gr. 5-7. — Fuses; 
burns with a blueish flame ; and gives off a dense 
white arsenical vapour ; is all volatilized, except a 
small residue chiefly of iron^ but mixed with silver 
or gold. In the matrass, metallic arsenic sublimes, 
and leaves a small bead of silver. 

418. Arsenical Native Antimony, This is a va- 
riety of the Native Antimony described at paragraph 
423> alloyed with a small portion of arsenic. — ^^one, 
in the matrass, first gives off metallic arsenic, then 
fuses; heated red on charcoal, it is ignited, and 
gives off dense white arsenical fumes, which form 
round the metallic globule a net work of little crys- 
tals ; by a prolong^ blast the whole of the assay is 
dissipated in fumes. 

419. Native Bismuth, — Colour reddish white, tar- 
nished externally ; occurs amorphous, and crystalUi- 
ed in octohedrons; structure p^ectly lani^lar; 
soft ; not very frangible. Sp. gr. 9*0. — Fusible by 
the mere flame of a candle; before the blowpipe, 
fuses and is volatilized in the form of a white va- 
pour, developing the odour of arsenic In the open 
tube, gives off a little white arsenic. When cupel- 
led, it tinges the bone ashes pure orange-yellov. 

420. Grey Aniimonyi Sulphuret of Antimony. 
— Colour light lead grey, often Iridescent; opaque; 
occurs crystallized, lamellar, and fibrous; lustre 
splendent ; very soft ; flexible ; easily frangible. 
Sp. gr. 4*4. — Melts by the mere flame of a candle ; 
evaporates almost totally before the blowpipe, in the 
form of a white vapour with a sulphurous odour. 

421. Molybdena, — Colour lead grey; occurs in 
six-sided tabular crystals, and massive; structure 
lamellar; opaque; lustre shining; flcadble^ but^ 
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not dastk ; unctuovd ; frmgible ; toils. Sp. gr. 4*8. 
— ^Alone^ on charooal> Boarcely futiUe ; gives a taU 
pburous odoar ; urged by a violent heat gives out 
white vapours with a Kght blue flame ; soluble in 
carbonate of soda with vident effervescence. 

429. Native Tellurium, Native Sylvan, Sylvanite. 
'—Colour tin white ; shining ; occurs in small crystal- 
line grains, of a lamellar structure; soft; brittle. 
Hp, gr. 6*1. — Fuses as easily as lead, then burns 
with a light green Hame, being almost entirely 
volatilised in a dense white vanour, having a pun- 
mit acrid odour, sometimes lixe that of horse-ra- 
dish, by which the presence of selenium is indicated. 
In the open tube, TeUurium gives off a large quan- 
tity flf fumes, which adhere to the sides of the tube 
as a white powder, capable of fusion into dear co- 
lourless drops; a small portion escaping by subli- 
mation. 

4eS. Native Antimony. — Colour tin white, with a 
yellow or black tarnish ; occurs reniform and amor- 
phous ; structure ktmeilar ; opaque ; soft ; frangible. 
^ gr. 6*7. — Melts easily, on charcoal ; gives a dense 
grev inodorous vapour, and a melted buttott, which, if 
eoeled slowly, becomes covered with a net work of 
briUiant white acicular crystals; general]^ a mi- 
Bute bead of silver remains. 

4S4. Native Quickeilver, — Colour silver white ; lustre 
splendent : occurs in fluid metallic fflobules. Sp. gr. 
lS-«. — ^VoisftfliBea entirely before tAe Uowpipe, at 
less than a red heat. 

Family 2. Lustre Nan'Meiallic. 

495. Cinnahar, Sulphuret of Mercury.— Colour 
eamine, cochineal red, or lead grey ; streak florid 
Mood colour; occurs massive and crystallized ; struc- 
ture, lamellar, or fibrous ; translucent. Sp. gr. 7'7. 
— «*9. — On charcoal, fuses, and is volatiKied with a 
blue flame and sulphurous odour^ leaving no resi- 
duum. In tfae •pea tube, it gives^ by ToaatiBgy me- 
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allig imagenrT^ imi m. aiihiiMiiBP rf timmahai* In die 
mmtnm* widi aoda. i: pndhsei gUnki fl£ Bcmmr. 

«aK. JZifli Jji^jiwM. 2aiplnncaed Oxide fl£ And- 
moaT.— Cotonr dfasrrr red, fi—wwlr with abhiciili 
or indissceiic taznidi ; ooms ib dfia^ui^ cniDny 
cTTKiIs, or amarpbaiB : apH|«B ; lottie ihmi^ ; 
bmtk. SpL jer. 4-S. — On diKcnl, foKi readilyj and 
▼oladlixes wuh a snlpiuiniaa odov. 

«?r. 5^/}A»rtft of' JranuL-. — ^Tliae are two varictiei 
of this ; boch of whiefa. on diKaad, mdt tnttiwrlr, 
and bom with a pale jdkw flame, nring out nu- 
phizroas and arsenical Vapooia. In Uie open tDbe^ 
Toladlixe entizdy, deporiting iriute ancaic on the 
upper part of die tube. In the n&aiiaM, loae, bail 
np, ana gire a transparent sobUmate, of a dark yel- 
low or fine red coioar. — ^The following are the in- 
diridual charactcn : — 

a. Red Solphnret of Arsenic, Realgar. — Coioar 
brisfat aurora red, scariet, or orange ; streak lemon 
jeSow ; occurs maasTe, diaaeminated, or in prisma- 
tic CTTBtak; lustre splendent, Titreoaa; aott; ex- 
tremely frangible ; acquires by friction reainoaa ele^ 
tricity. Sp. gr. 3-S. 

b. Yellow Sulpburet of Arsenic, Oroiment. — Co- 
lour bri^t lemon or gold vdlow ; brilliant paendo- 
metalliciuatre; occurs renifotm and stalactitic; struc- 
ture lamellar ; in thin laming transparent and flexi- 
ble. 8p. gr. 3-5. 

488. Bttmuth Ochre, Oxide of Binrath.— Coioar 
greenish and yellowish grey ; occurs masn^e ; la- 
mellar; shining or duU; claque; soft; friaUe. 
Sp. gr. 4-4. — Dissolves with e fl erveseence in adds. 
— On charcoal, is easily reduced to metallicjriobales, 
which Tolatilixe if the heat is prolonged. Hltfa bo- 
rax, in the exterior flame, forms a oolourkn trans- 
parent glass. 

489. Aniimonial Ochre, Earthy Oxide of Anti- 
mony.— Clolour yellowiah brown; dull; earthy; 
Hoft ; britUe ; heavy ; occurs incrusting crjratals of 
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grey anthnonyw — On charcoal^ it whitens and erapo* 
rates without fusing ; with borax^ it intumesces and 
affords a few minute metallic globules. 

430. White Antimoni/, Oxi& of Antimomy.^Co* 
lour whitish and greyish ; dceort crystalliKd in ta« 
bidar and acicular crystals, in diverging groups, and 
more rarely massive and investing ; lustre snining, 
pearly ; transhicent ; soft. 8p. gr. 5*5. — Alone, on 
charcoal fuses very easily, and sublimes in the form 
of a white vapour. 

431. Horn Quicksilver, Muriate of Mercury, Cor- 
neous Mercury. — Colour greyish and greenish ; oc- 
curs crystallized in quadrangular prisms, terminated 
by pyramids, also in tubercular crusts, rarely mas- 
sive; lustre pseudo-metallic; translucent; soft; 
lectile. Dissolves in water, and gives an orange pre- 
cipitate with lime water. — ^Alone, on charcoal, totally 
volatilises with the odour of garlic, which intimates 
the presence of arsenic Witn soda, in the matrass, 
affords many globules of mercury; With mic. salt 
and oxide of copper, on diaKoal, it tinges the flame 
of a beautiful azure colour. 



OkNOS fl. PAaTLY VOLATILIZABLZ ; THE ReSIDVB 

AFFoaDiMc Metallic Grains, with Borax, on 
Cbaecoal. 

432. This Grenus is divided into two Families :•— 
Family 1. lAuire MeitUHc. 
Family .2. Lmstre Nim'Metaiiic. 

Family 1. Lustre Metallic* 

4S3. Mispicket, Arsenical Pyrites, Arsenical Ipoik 
^-Colour silvery wMfep ; occurs crvstaUiaed in right 
flkombic prisms, and amorphous ; hard ; brittle. Sp. 
gr« 4*5.— -On charcoal, at first gives off dense and 
cqpioua arsenical vapoms, ih&BL iwrnB, exhaling the 
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odour of arsenic^ into a brittle globule^ resembling 
magnetic pyrites. 

434. Arsenical Cobalt, White Cobalt Ore.— Colour 
silver white, often tarnished ; occurs crystallized in 
cubes and octohedrons, also arborescent, stalactitic, 
and botryoidal; lustre glistening metallic; hard; 
brittle. 8p. gr. 7*7. — Alone, in the open tube, very 
readily gives off arsenious add. In the matrass, 
some specimens yield a little metallic arsenic. On 
charcoal, exhales a copious arsenical vapour, and 
fuses partially and difficultly, into a grey metallic 
globule, which is not magnetic, and which continues 
brittle after long treatment widi borax, to whidi it 
communicates a deep blue colour. 

435. White Copper, Arsenical Copper Pyrites. — 
Colour yellowish white, generally tarnished ; occurs 
amorphous ; soft ; britUe. Sp. gr.^ 4*5. — ^Yields a 
white arsenical vapour, and nises into a greyish- 
black slag, which, upKon being treated with borax, 
after a thorough roasting, yields metallic copper. 

436. Bright White Cobalt, Cobalt Gknce.---Coloiir 
silver or yellowish white : occurs crystallised in the 
cube and its varieties ; also, arborescent, stalactitie, 
botryoidal, and amorphous ; the planes of the cubi- 
cal crystals are striated; structure lameUar; hard; 
brittle. Sp. gr. 6*4. — In the open tube, with a strong 
heat, gives off arsenious acid, exhales sulphurous 
acid, and whitens brazil-wood test paper priced in 
the tube. On charcoal, it first becomes black ; dves 
off an abundance of arsenical fymes as it gets red not ; 
and, after some roasting, fuses into a dark coloured 
metallic globule, which attracts the magnet, and 
tinges borax deep blue. 

437. Arsenical Antimonial Silver, Arsenical Sflver 
Ore. — Colour silvery white on the freiJi surfiice, 
tarnished blackish externally; occurs renifbrm; 
structure finely lamellar; glimmering metallic lustre; 
harder than antimonial imver ; sectile ; easily fran- 
gible. Sp. gr. 9*4.— Before the blowpipe, the anti< 
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mony and arsenic are mostly volatilized with a garlic 
odour^ leaving a globule of impure silver surrounded 
by a slag. 

438. Copper Nickel, Arsenical Nickel, Prismatic 
Nickel Pyrites. — Copper red; occurs reticulated^ den- 
dritic^ and botryoidal^ but commonly massive ; lustre 
shining metalhc; hard; brittle; difficultly frangi- 
ble. Sp. gr. 6*6. — ^Dissolves in nitro-muriatic acid^ 
forming a grass green solution^ which afibrds with 
caustic soda or potass a pale green precipitate^ whereas 
from a solution of copper the precipitate is dark brown. 
On charcoal^ emits an arsenical vapour, and fuses 
into a dark scoria mixed with white metallic grains. 
In the open tube, the roasting produces a large 
quantity of white arsenic, and l^ves a greenish re- 
siduum, which, after farther roasting on charcoal, 
yields by fusion with soda and borax a metallic glo- 
oule of nickel, malleable, and very magnetic. 

439. Brittle Sulphuretted Silver, Brittle Silver 
Glance, Rhomboidal Silver Glance. — Colour dark 
lead grey; occurs crystallized in low hexahedral 

Srisms, and massive ; lustre varies from splendent to 
uU; soft; easiW frangible. Sp. gr. 6-9. — (Kla|>- 
roth s analysis of"^ this ore ^ve 10 per cent, of anti- 
mony, a substance of which Berzelius declares he 
coula perceive no trace.) Alone, in the open tube, 
fuses and nves diminutive white arsenical crystals, 
(hi Charcot, forms no deposit ; yields the odour of 
arsenic, and, after long roasting, parts with its sul- 
phur. A^dn says that antimony nies off. Berzelius 
asserts that it does not. The result of the fusion is, 
a dull grey metallic globule, brittle, yet capable of 
extension by the hammer. By a good oxidating 
flame, the silver may be rendered pure. 

440 Silver Amalgam, Argentiferous Mercury, 
Native Amalgam.-— Silver white; soft; sometimes 
semifluid ; alw), crystallized in varieties of the rhom- 
bic dodecahedron; creaks when cut; whitens the 
surface of copper when rubbed warm on it. S p gr. 







^ 



Afur roftKinr. fssaoc esKXs. aad k«va m vaa» of 
uorie «i:ii vhiih bcnx erres dK tznc of irao, and a 
^OftnLt of Ii»d froc: vhi^ a linle slvar cbb be n- 
paraied br capeGauoo. 

M2. AiUinnfmia^ Surer^ AntimflBiated NatiTe Sil- 
▼€T. — Cokior from sflTer to tm wliite^ ofta with a 
red or veilow tamiah ; crtstalliaed in piinna det^y 
longinidinaiiy striated, ain masiTe and in nnini ; 
liutre fthining metallic; easly firangihlr; ugbdy 
malleable; mu Sp. gr. Sh^^-^In t&e open mbe, 
dense white fumes of andnxny At off, and leave a 
particle sorroanded by a ring of dark yellow gjbm- 
On charcoal, alone, giVes off abundant fiunca of oxide 
of antimony, and readily fnses into a grev, brittle* 
metallic globule, which after a prokiDged blast, be- 
eofnes pure siWer. In the course of tlw ptoc eii , tht 
globule assumes a crystalline appearanee, and a co- 
pious deposit of antimonial Tapoor is Ibnned mt die 
charcoaL 

413. Graphic Tellurium, Graphic Gold, Ohraphie 
Ore, Graphic Gold Glance. — Colour steel grej; W- 
trc splendent ; occurs massive and crystallued in 
rhombic prisms ; yields to the knife; brittle; aofli- 
Bp. gr. 5-7. — In the open tube, the tellurium is sab- 
limed in copious white and grey fumes, which eta 
be easily melted into liquid globules. A pungent 
odour is produced, but not like the putrid hone-ra- 
dish odour of selenium. Alone, on chucoal^ copiooi 
white fumes are developed that cover the aapport 
but disappear before the reducing flame, wludi UMy 
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ccdour green. A metallic globale is obtained^ which 
g^ves out an intense heat at the instant of solidifica- 
tion ; then becomes brilliant and malleable. 

444. Yellow TeUurium, YeUow Sylvan Qre^ Yellow 
Gold Glance. — Silver white and brass yellow ; occurs 
in grains and minute rhombic crystals; lustre bril- 
liant ; soft. Sp. gr. 10'7. — ^Before the blowpipe^ it 
behaves like the preceding. 

445. Bismuthic 5t/ver.-— -Colour lead grey ; gene- 
rally disseminated; lustre glistening metallic; soft; 
sectile; frangible. — ^Before the blowpipe^ metallic 
globules ooze out^ and form a mass on the addition of 
Dorax^ to which flux it communicates an amber co- 
lour: subsequently, a tin-white, brittle, metallic 
button is formed. 

446. Svlphuret of Bismuthf Bismuth Glance.— 
light lead grey, or yellowish white ; occurs in adcu- 
lar crystals, sometimes radiating, often deeply striat- 
ed longitudinally; also amorphous; soils; soft; 
brittle. Sp. er. 6*1. — ^When held to the flame of a 
candle, it melts with a blue flame and sulphurous 
smell. Before the blowpipe, emits a reddish-yellow 
smoke which adheres to the charcoal ; yields a sul- 
phurous and sometimes an arsenious odour; the 
powder becomes white when it cools, but resumes 
the former colour when the flame is directed upon 
it; the residue of the assay is reduced to the metal- 
lic state with difficulty. — when melted with borax, 
Insmuth may be distinctly precipitated by iron or 
manganese. 

. 447. Triple Snlphuret of Lead, Boumonite, Cu- 
preous Antimonial Sulpnuret of Lead. — Blackish 
lead grey ; lustre shining ; occurs massive, and crys- 
ttUiaed m rectangular prisms ; structure perfectly la- 
mellar ; yields to the nail ; very brittle; soils. Sp. ^. 
6'8, — ^Wnen thrown in powder on a hot iron, emits 
a blueish-white phosphorescent light. Alone, on 
charcoal, if suddenly heated, decrepitates, then 
fames, emitting a dense, white, sulphurous vapour ; 

o2 
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after which, there remmins a giobule of copper Biir« 
rounded by a aooriaceoos crust of salphinret of lead. 
After roasting the lead, a gh)bale of copper may 
be obtained with the aid of soda. 

448. Black TelUrium, Nagyker Ore, Bbu;k Syl- 
van Ore. — ^\'ery dark lead grey ; occurs in plates, 
foliated ; in thin laminc flexible ; soft; sectile ; stains 
a little. Sp. gr. 9*0. Soluble in acids with efferres- 
cence. — Alone, on charcoal^ fuses and emits copious 
fumes which partly condense on the support in the 
form of a yellowish or reddish-brown powder; 
this deposit can be dissipated by the interior flame, 
which acquires a blue colour from it. Bjr a strong 
blast, a particle of malleable gold is obtained. 

449. Grey Copper, Grey Suiphuret of Coppc T d - 
yellowish or blackish grey; occurs massive and 
crystallized in tetrahedrons; fracture conchoidal; 
lustre shining; semihard; brittle. ^ gr. 4-9.^.- 
Deflagrates with nitre.— Before the blowpipe, de- 
crepitates, and then melts into a brittle grey globul^ 
emitting a white vapour, with sometimea an arseni- 
cal odour. The fusion is assisted by borax. Tke 
assay gives a yellowish or Inrownish red colour to 
this flux, but does not unite with it. 

Family 2. Lustre Non-MeiaUk* 

4iS0, Foliated Arseniate of Copper, Copper Mies, 
Rhoraboidal Arseniate of Copper, LameUated Hex- 
ahedral Arseniate of Copper.^I>eep emerald green; 
occurs massive, and crvstallized in nexahedrailanii- 
nse, or tabular crjrstals, easily divisabde; transpa- 
rent; lustre semi-metallic ; scratches gypsum but not 
calc spar ; sectile. Sp. gr. 2*5.— Before the blowpipe 
alone, it decrepitates, gives ofi* water and an arsenioil 
odour, passes to the state of a black spongy scoria, 
and afterwards fuses into a black globufe. Wldh 
borax, it affords a bead of copper. 

451. Lenticular Arseniate of Copper, Obtuse 
Octohedral Arseniateof Copper.-»Sky>blut or brig^ 
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green ; occnrs in lenticular crystals; transparent; lus- 
tre Titreous ; easily frangible ; softer thaa fluor spar* 
— 8p. gr. 9*9.^In the matrass, gives off much 
water ; on charcoal, Aises, with an arsenical odour, 
into a black friable scoria, containing small white 
metallic globules. 

452. Acute Octohedral Arseniate of Copper.'-^ 
Brownish and yellowish green ; crystalhzed in acute 
octohedrons, or capillary; transparent ; lustre resino- 
vitreous ; harder than fluor spar. Sp. gr. 4*2. — In- 
tume^ces, gives off arsenical vapours, fuses into a 
hard reddish brown scoria, which by subsequent 
fusion with borax a£S>rd8 a bead of copper. 

453. Hematitic Arseniate of Copper, — Yellowish 
brown; occurs botryoidal, with a flne diverging 
fibrous structure ; lustre silky. Sp. gr. 4*3. — Fuses 
into a hard black cellular scoria. 

454. Martial Arseniate of Copper. — Sky blue; 
massive and in globular concretions, consisting of 
minute rhomboioal prisms ; lustre shining vitreous ; 
transparent; harder than calc. spar. Sp. gr. 3*4.-*- 
Fuses, gives out an arsenical vapour, and by subse- 
^nent fusion with borax yields a metallic globule. 

465. Arseniaie of Lead, — Wax yeUow; occurs 
massive, acicular, and crystallized in hexahedral 
prisms ; translucent ; soft ; sectile; frangible. Sp. gr. 
6*4. — ^Alonc, on charcoal, fuses difficultly, and is 
instantaneously reduced into numerous globules of 
lead, with copious disengagement of the vapour and 
odour of arsenic. 

456. Red Silver, Ruby Silver, Sulphuretted An- 
timonial Silver. — Colour between cochineal red and 
lead grey ; lustre shining ; occurs crystallized in 
hexahedral prisms, massive, dendritic, and in mem^ 
branes; streak cochineal red; soft; sectile; fran^ 
gible. Sp. gr. 5*7. — ^Alone, on charcoal, dightly 
decrepitates, fuses with gentle effervescence, ignites, 
and gives off yeUow and white sulphurous and 
aatimonlal vapours, (rarely also arsenical,) and 
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lcaTe& m giobiik of slrcr. Id the cnn nbe, fumes 
murii, cxhaki sabhiDoiis add. Vapoiir oi oside 
of andmonj condniiei abonduttly m tlie tabe, 
■ometiiDcs Mnniiig cryitak, wludi may be whollj 
driven off bT heat. Afkcr the aaaj hu been some 
time expoM^ to the exterior fluoey m button of pure 
silTerresiilts. 



Gems 3. Paetlt Volatiuzable ; the Residue 
xoT Redl'cible to the Metallic state with 

BoftAZ. 

457. This Genos is divided into two Fomilies :— 

Family 1. LMuire MetaUie. 
Family 2. iMsire Xom^MeialUc. 

Family 1. LMstre MeUdBc. 

458. Cammim Iron Pyrites (Anemcal Variety), 
Fer Sulphure Arsenifere of Hauy. — ^Pale yeUow, 
passing into steel grey ; crystalliaed, massiTey and dii- 
seminated; bard; hrktle. Sp. gr. 4*8.— Alone, od 
charcoal, fuses, exhales a vapoor, having a strong 
odoor both of sulphur and arsenic Does not be- 
come magnetic 

459. Tennantiie. — Massive, and in dodecahedial 
crystals variously modified ; extemallY tin white and 
splendent ; internally iron black ana dull ; powder 
reddish grey ; structure lamellar ; brittle. Sp. gr. 
4*4. — ^Alone before the blownipe, on charcoal, bums, 
with sliffht decrepitation and a blue flame with the 
odour of sulphurous acid ; to which succeed copious 
arsenical fumes ; leaving a greyish black scoria whidi 
affects the magnet. 

460. Plumose Grev Antimony y Capillary Sulpha- 
ret of Antimony, Feather Antimonj. — Dark lead 
grey colour, often iridescent ; occurs in very minute 
capillary crystals, investing the surface of other 



OBDJBA I. CBNUS HI. YAIULY II. 16S 

nunerals as with a delicate down or wool, often lo 
interiaoed and mutually adherent as to appear like 
an amorphous crust; opaque; soft; brittle. Sp. gr. 
8'5. — Fuses easily into a black slag> previously 
giving out a vapour whidb condenses into a white 
and yellow powder ; the latter being sulphur, the 
former oxide of antimony. 

Family 2. Lustre Non^MetaUic. 

461. Arseniate of Iron, Cube Ore. — Olive green ; 
crystallized in cubes ; lustre vitreous ; streak straw 
yellow; translucent; soft; brittle. Sp. gr. 3*0.— 
Sometimes occurs decomposed, in the state of a 
reddish-yellow powder. — ^Alone, in the matrass, 
yields water ana becomes red ; if heated strongly, 
slightly intumesces, but a£Pords little or no white arse* 
nic ; the substance remaining, gives, when pounded, 
a red powder. Alone, on charcoal, yields copious 
arsenical fumes ; fuses, in the reducing flame, into 
a grey, metallic-brilliant, magnetic scona ; which, if 
fused with fluxes, exhales the odour of arsenic, and 
shows the presence of iron. 

46S. Pharmacohte, Arseniate of Lime, Arsenic 
Bloom. — White, with a reddii^ or yell^ish tinge ; 
occurs in delicate capillary crystals and botry<Hdal ; 
kistre glimmering silky ; translucent on the edges ; 
aoft ; fnngible. Sp. gr. 2*6. — Alone, in the matrass^ 
gives ofi^ much water, and becomes opaque ; arseni- 
oas add does not sublime. In the forceps, fuses, 
in the exterior flame, into a white enamel. On 
charcoal, in the interior flame, readily fuses into a 
■emi-transparent globule, yielding a copious arsenical 
odour. If cobalt is present, the globule becmnea 
blue. With soda, decomposes, disengages much 
arsenic, leaves lime on the charcoal. 

46S. Chtide of Arsenic, White Arsenic, Arseni- 
ona Aoid.-*^-Snow white, with sometimes a tinge of 
nd or yellow ; occurs earthy and in capillary crys- 
tait ; leaemhles Pharmaoolite, but distinguisned by 



1 
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being soluUe in water, which that sabstance is not. 
— Before the blowpipe, alone, gives off the smell oi 
arsenic in the reducing flame, and completely vola- 
tilizes in the oxidatmg flame. In the matrass, 
sublimes without fusion, producing a crystalline 
sublimate. 

464. Red Cobalt, Arseniate of Cobalt, Cobalt 
Bloom, Radiated Red Cobalt Ochre. — Peach-blossom 
red; massive, and crystallized in short diverging 
adcular prisms ; shining ; translucent ; soft; rather 
sectile; frangible. Sp. gr. 4-0. — ^Before the blowpipe 
becomes grev, and emits an arsenical smell ; Thom- 
son sa^s without smoke, Bersdius says with abun- 
dant fumes : tinges borax blue. 

465. Earthy Cobalt, Cobalt Crust, Earthjr Red Co- 
balt Ochre. — Peach-blossom red and blueish black; 
massive and in velvety coatines ; friable ; dull ; sec- 
tile; soft; streak 'shining ; does not bmL Sp. gr. 
2*2. — ^Alonc, yields an arsenical odour: but does 
not fuse; tinges borax deep blue and fuses with 
it 

466. Hepatic Quicksilver, Hepatic Mercury, He- 
patic Cinnabar, Quicksilver Liver Ore, Carbo-sul- 
phuret of Mercury. — Of this, there are two varie- 
ties : — 

a. Compact Hepatic Ore. Colour between dark 
cochineal red ancl, lead grey ; amorphous ; streak red 
and shining; fracture even; opaque; glistening; soft; 
sectile ; frangible. Sp. gr. 7*1. — ^Alone, in me ma- 
trass, it gives cinnabar, and a black residuum. The 
cinnabar sublimes entirely, wiUi a sulphurous odour; 
the residuum, burnt in the open tube, gradually dis- 
appears, forming no deposit, but leaving a little 
earthy ash. This mineral is insoluble in mtric, and 
soluble in muriatic add. 

b. Slaty Hepatic Ore. Colour as above, some- 
times darker ; principal fracture curved thick aiaty, 
shining ; cross fracture uneven, gliinmerine; most 
easily frangible ; streak brownish. Sp. gr. nSia kst 
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than the above. In other respects the slaty and 
compact agree. 



Order 2. Fixed ; Not VoUitilizable, except at a 
white heat. . 

467. This Order is divided into two Genera^ as 
follows : — 

Genus 1. Assume or Preserve the Metallic 
Form after Roasting on Charcoal, before the 
Bhtvpipe, while any thing is dissipated, and 
subsequent Fusion with Borax. 
Genus 2. Not reducible to the Metallic state, 
on Charcoal, before the Blowpipe, either with 
or without Borax. 
Each of these Genera is divided into Families. 



Genus 1. Assume ob PaESEavs the Metallic 

FOBM AFTER ROASTING ON ChARCOAL^ BEFORE 

THE Blowpipe^ while any thing is dissipat- 
ed, AND SUBSEQUENT FuSION WITH BoBAX. 

468. This Genus is divided into two Families : — 

Family 1. Lustre Metallic. 
Family 2. Lustre Non-Metallic. 

Family 1. Lustre Metallic. 

469. Native Platinum, Platina. — Colour between 
steel grey and lulver white; occurs in small flat 
grains ; hard ; malleable ; flexible. Sp. gr. 17*7. — In- 
msible ; incapable of oxidation ; has no action on 
fluxes : is soluble in nitro-muriatic add. 

. 470. Native Iron, — Pale iron grey ; massive and in 
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thin plates ; Inctnre hackly ; hard; flenUe; mallea- 
ble ; masTDetie. Sp. er. 6*5. — A rare mineral. 

471. PaUadium. — Occurs with Platina, in erains 
composed of diTrnrinjr tibm ; steel ffrey ; lustre 
metallic shining; hard; malleable. Sp. gr. 12-1. 
— infusible and unalterable before the bUmptpe 
alone ; melts with sulphur, which is volatiliRd by 
a continued heat, leaving a g:lobule of pure mallea- 
ble Palladium. This metal forms a deep red solu- 
tion ill nitric acid. A very rare mineraL 

47^ Iridium and Osmium. — These two metals 
occur forming a natural alloy, also alloyed with na- 
tive Platina. Found in small flat grains ; pale steel 
grey ; shining metallic lustre ; harder than Platina ; 
brittle. Sp. gr. 19*6. — It acquires a dull black 
colour by fusion with nitre^ but regains its proper 
colour and lustre when heated on charcoaL A rery 
rare mineral. 

473. Xative Goid. — ^Bright yellow to oraiige yel- 
low ; in masses, grains, and crystallised in cubes and 
octohedrons ; soft ; ductile ; flexible but not elastic ; 
malleable; almost always alloyed with silver or 
copper ; rarely with iron. Sp. gr. IS-O. — 19'0., accor- 
ding to its purity. — Fusible into a button^ bul inca- 
pable of oxidation ; has no action on fluxes. 

474. Native Silver. — Pure silver white, generally 
tarnished greyish black; lustre shining; masuve, 
capillary^ reticulated^ and crystallized in cubes and 
octohedrons; soft, but harder than gold; flexible; 
malleable. Sp. gr. 10-0. — Fusible into a globule, 
which is not altered by a continuance of the heat 

475. Native Copper. — Fine red colour, tarnished 
yellowish or blackish ; crystallized in cubes and octo- 
nedrons, also massive, in plates, and threads ; harder 
than silver ; very tough ; perfectly sectile ; mallea- 
ble ; flexible. Sp. gr. 7*6. — 8-6. — Fuses Into a beid 
of apparently pure copper. 

476. Sufphvret of Silver, Silver Glance, Vitrcooi 
Sliver Ore.-^Dark lead grey, often with n irides- 
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cent tarnuh ; occunin mtrntB, in threads, and crys- 
tallized in regular octohedrona and rhombic dodeca- 
hcdrona ; may be cut like lead ; flexible ; Tcry mal- 
leable. Sp. gr. 7*0. — ^Alone, on charcoal, with a gen- 
tle heat, the sulphnr evaporates ; with a red neat, 
fuses, intomesces, and after some time collects into 
a globule, yielding a bead of silver surrounded by 
scoric, which, when fused with borax and salt of 
phosphorus, give traces of iron and copper. 

477. Black Siiver, Sooty Silver Ore, Argenti- 
ferous Variety of Grey Copper. — ^Dark grey ; cryi* 
talliaed in tetrahedrons and massive: fracture 
small conchoidal; lustre shining metallic; hard; 
very brittle. Sp. gr. 6-2^ — ^Readily fusible. 

478- Carbonate of Silver, Grey Silver Ore.— 
Greyish-black ; massive, and disseminated ; streak 
brkrnt ; soft ; brittle ; heavy ; eflbrvesces with adds. 
—•Easily ftudble and reduable ; exhales an antimo- 
nial vapour ; firoths with borax. 

479. Qalenoy Sulphuret of Lead, Lead Glance.-— 
This ore is iMded into several subspecies; the two 
following are the principal :-— 

u, Comnum Oalencu — Colour lead grey; occurs 
massive and erystalUzed in cubes and octohedrons, 
often with the angles truncated and edges re- 
placed; firaeture fidiated; lustre splendent; frag- 
ments cubic ; soft ; sectile ; easily frangible. 9p. gr. 
7*6. — Alone, on charcoal, decrepitates, me sulphur is 
driven off, ftision ensues, and part of the assay sinks 
into the charcoal ; ultimately, we obtain a globule of 
netalUe lead. By cupellation, we ascertain wbetiiier 
itas contains silver ; we also learn from the colour of 
the bone ashes whether the lead was pure or not : 
if pore, the cupel is pale yellow, if it contain cop* 
per, it is greenish ; if iron, blackbh. 

b* Compact OalejHL — Massive, and in specular 
plates ; firacture even ; never in distinct concretions ; 
ftagments indffterminate ; softer than common gale- 
na; ■treakbtif^ter; agrees with it in other resects. 
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gf'ol*. f*p. gr. >-5. — BefoK las blowpipe, nuo with 
z Vjyt b:ne fixzit, eciis i pangeni sah^mvus ti- 
;^,T2r, and is eaoir redcoed to t&e nsetillic state. 

1^1. »ioif Clf^ftr On. Copper PrTiEes, YeHow 
Salphuret of Copper. — Brmas or gold Vellow ; often 
irideMect ; (TTstaliixed in tctnbedrons with the Angles 
and edges replaced, alio, boiryoidal, stalactitic, and 
arriorphous ; the amorphous variety is often beauti- 
fully variegated in the colour; yields to the knife; 
ftofter than iron pyrites^ which it resembles in some 
respects ; brittle. Sp. gr- 4-3. — ^Alone, on charcoal, 
cfniits a sulphurous vapour, and fuses into a brittle 
black globule^ which^ after a long ezpoeure to the 
blast, affects the magnet. The action of this mine- 
ral with fluxes after roastinjg, is indicative of the 
presence of its ingredients, — iron and oopner. With 
a small portion of borax, we obtain metallic copper. 
With soda, we obtain gbbules both of iron and 
copper, provided the roasting has been wdl perfonoi- 
ed. In the open tube, or m the matrass, no subli- 
mate is given. 

482. Copper Glance, Black Sulphuret of Copper, 
Black Copper Ore, Vitreous Copper* — Lead or inm 
fp-ey ; crystallized in hexagonal pnsms, maariTe, and 
in granular distinct concretions; structure lamellar; 
fracture conchoidal or uneven ; sectile ; soft ; fnnri- 
blc. 8p. gr. 5*6. — ^Alone, on charcoal, gives off a 
HuluhurouB o<lour, fuses easily in the exterior jBame, 
witiiout decrepitation, but with ebidlition; afibrds a 
gre^ globule, sometimes magnetic: some species, 
while in fuHion, exhibit a green pearl, which, on 
(uM)Iing, is covered with a brown crust, and which 
tiiigcH Imrax green. In the open tube, the assay 
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bnrns^ gives off a sulphurous odour> but fonns no 
sublimate. After roasting^ the assay gives a glo- 
bule of coi^per^ with either soda or borax. 

483. Grey Copper Ore^ Fahl Ore, Grey Sulphur^ 
et of Copper.--dteel grey or iron black; powder 
reddish black; crystallizea in tetrahedrons, audnia»- 
sive; fracture imperfectly conchoidal; glistening; 
semihard; brittle. 'Sp. p. 4*5. — Phillips reckons 
three sub-species of this mineral, the difference in the 
composition of which is intimated by their names : — 

1, Arsenical Grey Copper. Steel grey; crystal- 
lized; brittle. 

2, Antimonial Grey Chopper. Dark lead grey ; not 
regularly crystallized ; not very brittle. 

3, Platiniferous Grey Copper. A rare mineral. 
With respect to the habitudes of these minerals 
before the blowpipe, they may be divided into two 
classes: those species which, in roasting, give off 
arsenic, and those which give off antimony. Some 
kinds decrepitate; others fuse, boil up, and fume, 
all at once ; others again, completely fuse, in the 
first place, and then intumesce, jforming excrescences 
which have the appearance of a cauliflower in miniap- 
ture. YThen treated with soda, after roasting, they 
all give a globule of metallic copper. 

484. Purple Copper Ore, Vari^ated Copper Ore, 
Buntkupfererz. — Colour between copper-red and 
pinchbeck-brown, tarnished by exposure to air, red, 
violet, azure, sky-blue, green, — sometimes these co- 
lours all tend to beautify a single specimen; massive, 
in plates, and crystallized in cubes, the angles being 
generally replaced, and the planes curvilinear ; frac- 
ture rather conchoidal; smning; soft; somewhat 
sectile; easily frangible. Sp. gr. 5-0. — ^Effervesces 
widi nitric acid, and tinges it green; deflagrates 
with nitre. — Fuses readily, without smoke or smeU, 
but more quietly and less easily than Glance Cop- 
per, into a globule, which acts powerfully on the 
magnetic ne^e. Tinges borax bright green. 
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Family 2. Lma&t Scm-MHMie. 



\^3. H.r^ SilvtTt Comeoos Silver Ove, Mnriate 
of Silver. Chloride oi SiIth-. — Pcmri grej, punng 
into zreenish or reddish blue or brown, often Ur- 
niahed ; cceun crystalliied in mall cubes and adcn- 
Ur priflnsy and amorphous ; translucent ; waxy lus- 
tre ; Tery soft ; duiztile ; flexible ; malleable ; eaalj 
frangibltf. $p. sr. -I'S. — Melts in the flame of a 
candle. — Before ue blowpipe, on charcoal, instantly 
melts, nves out muriatic Tapoun, and fusea into a 
bead whose colour, according to the poritT of the 
assaT, ia pearl grey, brownish, or blacx anu icoria- 
ceous ; wnen rubbed with a piece of moistened zinc, 
the surface becomes corered with a thin film <^ 
metallic silTcr. In the reducing flame, it ia gradual- 
ly conrerted into a globule of metallic silver. 

486. Red Coaxr, Octahedral Red Comper Or^ 
Rubj* Copper. — ^Divided, by Jameson, into lonr mb* 
apecies ; wtuch agree in the following chemical ebv 
racters : — They cosily melt and are reduced to the 
met^c state before the blowpipe on charcoaL If 
puWeriaed, and thrown into nitric acid, a Tident 
effervescence ensues, and the copper is dinolved, the 
solution at the same time acquiring a green colour ; 
but if thrown into muriatic acid, no eflferveseence 
takes place, although the ore dissolves. We can by 
this character distinguish red copper ore from red 
silver ore and cinnabar : red silver ore does not effis^ 
yesce in nitric sdd ; and cinnabar does not disolve 
in it. Red Copper is soluble in ammonia, to which 
it communicates a blue colour. 

a. Foliated Red Copper Ore. Lead ^^rey by reflect- 
ed light, crimson red by transmitted light ; massivCi 
in concretions, and crystallized in varieties of the 
octohedron ; lustre semi-metallic ; fracture uneven, 
or imperfectly foUated ; opaque when massiye ; semi- 
transparent when crystallized ; yields to the knife ; 
brittle ; frangible. 6p. gr. 5*8. 
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b. Compact Red Copper Qre^ Amorphous Red 
Copper. Colonr between lead grey and dark cochi- 
neal-red ; massiTe and spongiform ; fracture even ; 
opaque ; yields to the knife ; brittle ; frangible. Sp. 
gr. 5*4. 

c. Capillary Red Copper Ore. Carmine red; in 
capillary crystals and thin tables; lustre shining^ 
adamantine; translucent. 

d. Tile Ore> of which there are two kinds: 
Eartky Tile Ore, Ferru^nous Red Copper, Earthy 
Red Oxide of C<^per mixed with Brown Oxide of 
Iron. — ^Brick-red ; massiyeaud incrusting; composed 
of duU dusty particles more or less cohering; opaque ; 
soils sliffhtly ; feels meagre ; heavy. — Indurated THle 
Ore, Indurated Bride-red Copper Ore. — ^Reddish and 
blackish brown ; massive and in concretions ; inter- 
nal lustre resinous gjlimmering ; soft; brittle; fran- 

S'ble. 8p. gr. 3-0. — ^Tile ore, before the blowpipe, 
;comes black, but is very difficultly fusible : it gives 
a dirty green colour to borax. 

487. Emerald Copper, Dioptase, Silicate of Cop- 
per. — Emerald green; crystallized in elongated 
rhombic dodecahedrons; semi-transparent; luistre 
shining, pearly ; scratches glass feebly ; brittle ; fran- 
gible. Sp. gr. 3*3. — ^Before the blowpipe, it becomes 
of a chesnut brown, and tinges the flame green, but 
is infusible; with borax it gives a bead ofcopper. 
- 488. Blue Copper Ore, Blue Carbonate of Copper, 
Mountain Blue, Copper Azure. — Divided into two 
sub-species, which agree in the fbUowing chemical 
characters : — Soluble with effervescence in nitric add, 
to which it gives a blue colour. Alone, in the ma- 
trass, gives off water, and blackens. Before the 
blowpipe, on charcoal, alone, blackens, but does not 
melt; with borax, it effervesces, gives a metallic 
globule, and colours the flux green : — 

a. Earthy Blue Copper. Smalt blue; usually 
friable ; sddom massive ; soils a little. Sp. gr. 3*4. 

b* Radiated Blue Copper. Azure blue ; occurs in 

p 2 
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mall cryitaliy aggrmted; ako maMi?e; liutre vit- 
reous shining ; tranimcent ; soft ; brittle. 8p. gr. 3-6. 

489. Malachite, Green CarbonAte of Copper.-*Di- 
vided into two sub-ipeciet^ both of which efienreace 
with acids, and form a blue solution with ammonia. 
Before the blowpipe^ decrepitate and become black, 
are partly infusible, and partly reduced to a black 
slag. Tney melt readily with borax, and affinrd 
beads of copper, colouring the flux dark ydlowish 
green. 

a. Fibrous Malachite. Emerald green and grass 
green ; in concretions, slender fibres, and short ca- 
pillary crystals ; often stdlated ; fracture finely fl- 
orous ; fragments splintery ; internal lustre shining 
silky; translucent; soft; rather sectile; frangible. 
Sp. gr. 3-7. 

b. Compact Malachite, Massive Chreen Carbonate 
of Copper. Emerald green and whitish green, with 
stripes ; occurs massive, in various particular shapes, 
commonly botryoidal or reniform ; structure concen* 
trie lamtllar in one direction, fibrous in the other ; 
fracture conchoidal or uneven ; opaque; lustre glis- 
tening silky; harder than the preceding; brittle; 
Sp. gr. 3*5. 

490. Muriate of Copper, Copper Sand, Green Sand 
of Peru. — Emerald green passmg into olive ; in the 
form of sand, and crystalliced In minute rhombic 
prisms; structure lamdlar ; translucent; soft; shin- 
ing; frangible. Sp. gr. 3*6. — When thrown on 
burning coals, it communicates a green colour to the 
flame. It is soluble both in nitric and muriatic 
acid without effervescence. The solutions are green. 
It tinges the flame of the blowpipe of a bright green- 
ish blue ; muriatic acid rises in vapours, and a bead 
of copper remains on the charcoaL 

491. Phosphate of Copper. — Externally grejrish 
black ; internally verdigris green ; massive and crys- 
tallised in short prisms; lustre glimmering; frac- 
ture Bbrout diverging ; opaque ; streak apple green ; 



ORDER II. GENUS I. TAMILY II. 175 

lectile; soft Sp. gr. 3*5. — Ahne, gives no colour 
to the flame^ but blackeni and fdses ; if a strong 
heat is applied suddenly^ it falls to powder; the 
fused mass extends on the surface of tne charcoal, 
and acquires a reddish-grey metallic colour ; in the 
centre of the mass a small globule of metallic copper 
is perceptible, which at the instant it congeals, emits 
a very brilliant light. — ^With borax, this mineral be- . 
haves like pore oxiile of copper. But a peculiar 
phenomenon is presented when it is fused with soda. 
If this flux is added in small successive portions, the 
globule repeatedly liquifies till at last it become so- 
lid and infusible. When a great quantity of soda is 
used at once, the saline mass is absorbed by the char- 
coal, and the copper is left on the surface.^ — ^Accord- 
ing to Berzelius, the principal characteristic eflect 
of phosphate of copper is that produced by fusing it 
with nearly an equal bulk of metallic lead. When 
a mixture of this kind is exposed to a good reducing 
flame, the whole of the copper separates in a metaU 
lie state, and there is simultaneously produced a 
mass of fused phosphate of lead, whicn, upon cool^ 
ing, crystallizes. 

44^. Copper Green, ChrysocoUa. — Colour various 
ahades of^ green, often blueish; occurs botryoidal, 
massive, and investing; fracture conchoidal; snining 
resinous lustre ; translucent ; soft ; brittle. Sp. gr. 
S'S. — Before the blowpipe, it becomes first black, 
then brown, but is infusible: on the addition of 
borax, it melts rapidly, effervesces, then tinges the 
flame green, and is reduced to the metallic state. In 
diluted muriatic acid, it eflervesces sli^htlv; the 
oxide of copper dissolves, and there remains behind 
a nearly colourless and often semi-gelatinous mass of 
silica, of the same size as the original specimen. 

b. Pitch Copper. — A variety oithe above mineral, 
possessing a blackish brown colour, but agreelw<^ 
with it in other respects. 

4PA Carbonate of Lead, While VmA-»s^m*''^^^'^ 
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Lead-Ore. — ^White, grey, and light brown; occurs 
crystallized in six-sided tables or prisms, fibrous, mas- 
sive, and investing ; fracture conchoidal or fibrous ; 
lustre particularly adamantine; transparent; refracts 
doubly in a high degree ; soft ; yery orittle. Sp. gr. 
6*0. — 7*3. — It is insoluble in water. It dissolves 
with effervescence in muriatic and nitric add, espe- 
cially if warm. Before the blowpipe, it decrepitates 
strongly, loses its white colour, becomes yellow, then 
red, and is immediately reduced to a metallic glo- 
bule. It includes the loUowing sub-species : — 

a. L^d Grey, Carbonate of Lead. Colour grey; 
lustre metallic, but merely superfidaL 

b. Blue and Green Carbonate of Lead. Colour 
white, with spots and streaks of green and blue, 
caused by the infiltration of copper. 

c. Earthy Carbonate of Lead. Grey, sometimes 
tinged greenish brown, massive and disseminated; 
fracture uneven ; glistening, almost dull ; soft ; fri- 
able ; heavy. 

494. Muriate of Lead, Murio-Carbonate of Lead, 
Corneous Lead Ore, Chloro-Carbonate of Lead, 
Horn Lead.-— Greyish or wine yellow ; lustre splen- 
dent adamantine ; crystallized m four-sided pnsms, 
variously terminated; structure lamellar ; transpa- 
rent ; very soft ; sectile ; eadly frangible. Sp. gr. 6K). 
•—Alone, in the exterior flame, frises into a transpa- 
rent globule, which becomes yellow on cooling, and 
reticular externally ; when again melted, it becomes 
white, and on increase of uie heat, the acid flies 
off, and minute globules of lead remain behind. With 
oxide of copper dissolved in salt of phoq[>boni8, a 
blue flame is produced around the assay globule, the 
usual effect of muriatic acid. 

495. Phosphate of Lead, Green Lead Ore, Phos- 
phorated Lead Ore. — ^Various shades of green and 
yellow ; occurs crystallized in six-sided prisms, va- 
riously modified on the edges; also in particular 
shapes, often botryoidal; fracture uneven; lustre ada- 
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mantine; tranihiceiit ; yields eanly to tlie knife; 
brittle; frangible. ^ gr. 6*4. — JBefore the blow- 
pme, alone^ on charoottl, in the exterior flame^ usu- 
ally decrepitates^ tben mdlts^ and on cooling forms 
a dark-coloured polyhedral crystal^ the uioes of 
which present concentric polygons. In the interior 
flame^ it exhales liie vapour ctf lead ; the flame as- 
sumes a blueish colour ; and the globule on cooling 
forms crystals with broad facets, inclining to pearly 
whiteness. At the moment it crystalliaes, a gleam 
oi ignition may be seen in the globule. If the crys- 
tallized mass be pulverised and heated with borax, 
there results in toe first place a milk white opaque 
enamel; upon the continuance of the heat, this ef- 
fervesces, and at length becomes perfectly transpa- 
rent, the lower part of it being studded with metal- 
lic lead. Cupeuation elicits no silver from this lead. 

496. Brown PboMphate of Lead, — Colour greyish 
brown ; in other respects differs very little from the 
preceding mineral; occurs in minute six-sided 
prisms.'— Before the blowpipe, melts into a globule, 
which concretes on cooling into a radiated mass. 

497. Sulphate of Lead, Natural Vitriol of Lead..— 
Light grey and smoke grey; crystallized in rhombic 
prisms with diedral terminations; also massive; 
s^ucture lamellar; fracture compact; lustre splen- 
dent adamantine; translucent; yields to the nail; 
brittle. Sp. gr. 6^ — Decrepitates ; in the exterior 
flame, on charcoal, fuses into a transparent glass, 
which becomes opaque as it cools. In the reducing 
flame, effervescence takes place, and a particle of 
lead is produced. When glass of soda and silica is 
used as a flux, the assay upon codling assumes the co- 
lour of liver of sulphur. 

498. Chromate of Lead, Red Lead-Ore, Red Lead- 
Spar.— -Deep orange red ; when pulverised, orange 
yellow; crystallized in oblique rhombic prisms; 
rarely massive; fracture uneven; lustre s^nend^t 
adMuantine; translucent; soft; frangible. Sp gr. 
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ti'O. — Alone^ on charooal> decremtates^ and melts 
into a greyish slag^ which spreads cm the support; 
the lower part of the fused mass then deyelopes the 
fumes peculiar to lead^ and that metal is reduced ; 
at the same time^ the upper part of the mass gives a 
reddish hrown powder. With borax, readily dis- 
solves and produces a fine green glass, unless the 
chromate be in excess. With soda, the mass is ab- 
sorbed by the charcoal, on the surfftoe of which ap- 
pear grains of metallic lead. 

499. Molybdate of Lead, YeUow Lead-Ore.— 
Wax yellow and dirly honey brown ; crvstallized in 
octohedrons variously modified; rarely massive; 
fracture small conchoidal ; lustre glistening resinous ; 
translucent ; soft ; brittle. Sp. gr. 5*1. — ^Alone, de- 
crepitates violently, and fuses into a dark grey mass, 
which sinks into tibe charcoal, leaving particles of 
reduced lead on its surface. If the absorbed part is 
washed, we obtain a mixture of malleable lead and 
unmalleable molybdena. With a limited quantity of 
borax a brownish glass is produced, with a huge por- 
tion a blueish green glass. With mic. salt, a green 
glass is formed. Witn soda, fusion, absorption, and 
reduction, take place. 

500. Native Minium, Variety of Oxide of Lead 
arising from the decomposition of Gralena. — ^Vivid 
scarlet; amorphous and pulverulent; structure mi- 
nutely crystalline. — ^Alone, first converted into oxide 
of lead, tnen reduced to metallic lead. 

501. Tinstone, Oxide of Tin, Common Tin Stone. 
— Blackish brown, reddish brown, greenish white ; 
crystallized in four-sided prisms, terminated by four- 
sided pyramids; also amorphous and nodnlons; 
lustre splendent vitreous ; fracture uneven ; scarcely 
yields to the knife; brittle. Sp.gr. 6*7- — ^Alone, tin- 
stone strongly decrepitates. On charcoal, finely 
pulverised and mixed with borax, it may^ bv the 

/ong-continued action of the blowpipe, bie reauoed 
to the metallic state. WVieii \)cl« oaoSL-^VoNLxed va- 
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rieties are treated with soda^ on platinum foil^ they 
give trace? of manganese. If columbium be pre- 
sent^ the oxide of tin reduces very difficultly and very 
imperfectly^ and when fused with a certain propor- 
tion of borax, the ftux becomes opaque both by flam- 
ing and by cooling. The followmg varieties require 
to be noticed : — *- 

a. Wood Tin, Fibrous Oxide of Tin. Brown and 

gr^y; in wedge-shaped detached pieces; divergingly 
brous; lustre silky. 

b. Granular Tin^ Stream Tin. Merely fragments 
and crystals of Tinstone, sometimes found separate, 
sometimes imbedded in a rock. 

c. Columbiferous Oxide of Tin. Small crystals 
and grains imbedded in ouartz ; greyish red ; lustre 
semi-metallic ; opaque : nard. Sp. gr. 6*6. 

502. Nickel Ochre, Oxide of Nickel. — Colour fine 
apple green ; occurs as a thin coating, in loose pow- 
der, or friable ; dtdl ; meagre ; light ; stains ; is mso- 
luble in cold nitric acid. — Infusible, alone, but gives 
a hyacindi-red tinge to borax, by which it is reduc- 
ed to the metallic state. 



GsNDS 2. Not Reducible to the Metallic 

STATE before THE BlOWFIPE, ON ChARCOAL, 
either WITH OR WITHOUT BoRAX. 

503. This Genus is divided into two Families :— * 

Family 1. Magnetic after Roasting. 
Family 2. Not Magnetic after Routing. 

Family 1. Magnetic qfter Roasting. 

504. Magnetic Pyrites. — Colour between bronze 
yellow and copper red; lustre shining metallic; 
amorphous, rarely crystallized; fracture somewhat 
oonchoidal ; hard ; bnttle ; magnetic. Sp. gr. 4*5.^ — 
No change is produced upon it, in t\xeixi«.\x«a&)«2L^'CL^ % 
hai^, in the open tube, sulphurouA acii^^ \» csc\^^> 



cr»z -viuacQi she for^Adcit of tmr wakHamte. On 
cutcsaI. in tike tsLzeriiT Afta*, becoiBcs i«d, and b 
r^oMcd into oxide ct iroei. In the imoior iame, 
fuwOQ eTjiiMA. ftS'i a blxckub crTHalliBe bui^ po^ 
uueii of metallic brllliarify. U cbcaiDed. 

y-i. 0,mmrj% Pyrisfj. ^rslphiirsi of IiOB, MagDH- 
ic Ir:n ^zr^'i, yikz-liL Prriies. — Braaa and greemsh 
jtiBfjw, had iZitl ^rrtj : crvKalliicd, amorphom. and 
m every varltiT of partkskr shape ; fractiirv grann- 
\xT un^VrTi ; bricile: ico hard to Jield to the knifed 
vhich cuaracieT serves at ooce to aistiiigiiiah it tnm 
oc^per prrites which yields rea^ilj to the knife. 
Sp. gr. 4*7. — On charcoal, ita habitudes raaeinfak 
those of magnetic pyrites ; but^ tried in the matraa^ 
alone, we obtain, nnt a sublimate of salphar, accom- 
panied by the exhalation of sulphuretted hy^hogen 
gaii, and afterwards a reddish sublimate amiilar to 
sulphuret of araenic. When well loaated, the aanj 
assumes a metallic aspect, and beoomea attractabb 
by the magnet. 

50C. White Pnritei. — ^Tin white or (preriah ; crya- 
talUzed in small octohedrons^ boCryoidal, and kid- 
ney form ; hard ; brittle ; easily frangible. Sp. gr. 
4*7. — Fuses, gives out a sulphurous vapouTjand then 
acts on the magnetic needle ; it is much easier d^ 
composed than common pyrites. 

507. Liver Pyrites, Hepatic Pyrites^ — ^Internal 
colour steel grey ; external Uver brown: histre glnn- 
mering metallic; occurs in most of the foraas as- 
sumed by common pyrites^ with which it agrees in 
ita other characters. 

508. Magnetic Iron Ore^ Native Loadstone or 
Magnet, Oxydulated Iron, Octohedral Iron Ore.^- 
Iron black; lustre glimmering metallic: occurs 
massive, aiid in varieties of the octohedbron and 
rhombic dodecahedron; fracture uneven; hard; 
brittle. Sp. gr. 4*4y — It is magnetic, with polarity, 
especially the massive variety. When heated, it be- 
comes brown, but does not fuae : tingea borax dark 
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green. The two following minerals are yarieties of 
this : — 

b* Sandy Magnetic Iron-ore^ Iron Sand^ Gra- 
nular Magnetic Iron Ore^ Titaniferous Oxydulated 
Iron. — Dark iron hlack; lustre bri^htly-sluning 
metallic ; in small loose crystals or grains ; fracture 
cdnchoidid ; brittle ; yields to the knife. Sp. gr. 4*7. 
— It is magnetic witn polarity. — ^Before tne Uow« 
pipe^ alone, infusible and unalterable; but with 
soda or borax, behaves like protoxide of iron. When 
dissolved in salt of phosphorus, and completely re- 
duced, it assumes, after the colour from the oxide 
of iron has disappeared, a red colour, of various in- 
tensity, but deepest at the last instant of cooling. 
The proportion of the titanium is indicated by the 
intensity of the colour. 

c. Earthy Magnetic Iron-Ore, Earthy Oxydulated 
Iron. Blueish black ; massive ; dull ; soft ; opaque ; 
soik; sectile; emits a faint clayey odour when 
breathed on. Sp. gr. 9*2. 

509. Ir(m Glance, Red Iron-Ore. — Colour, when 
finely divided, red ; very feebly magnetic, in some 
varieties scarcely at all so. — Infusible before the 
blowpipe, on charcoal, alone, but becomes magnetic ; 
with borax, gives a dirty yellowish green slaai. 
There are the following varieties of this minenu : — 

a. Regularly Crystallised Iron Glance, Specular 
Iron Ore. Dark steel grey ; splendent metallic lus- 
tre; frequently tarnished, and beautifully iridescent; 
massive ; also crystallized in varieties of the rhom- 
boid ; fracture granular uneven ; cherry red streak ; 
opaaue ; hard : brittle. Sp. gr. 5*0. — When pulve- 
nsea, it is slightly magnetic ; but it does not, like 
magnetic iron-stone, attract iron filings. 

b. Irregularly Crystallized Iron Glance, Volcanic 
Iron. Occurs m very compressed and irregular crys- 
tals, often with curvilinear surfaces ; external lustre 
very bright ; fracture conchoidal ; shining ; in other 
characters agrees with variety a. 
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c. Lamdliform Red Iron-Ore. Iron blac 
straiRht or curved laniells; lustre shining me 
the mmdlffi in a strong light are translucen 
exhibit a blood colour ; more highly magnetii 
the other varieties. 

<L Micaceous Iron Glance, Iron Mica, Mio 
Iron-Ore. Colour, by reflected light iron blai 
transmitted light blood red; occurs in sma] 
aided scales or tables; loose or forming cells; 
times massive; unctuous to the touch; whei 
adheres to the fingers, but may be blown off w 
leaving any stain; thin kind translucent; 
cherry red; fracture foliated; brittle; cxceei 
frangible. Sp. gr. 5*0. — ^A fleets the magnet. 

e. Red Scaly Iron-Ore, Red Iron Froth, 
with a tinge of brown ; lustre fflimmering 
metallic ; composed of scaly friable particles*, 
feel greasy and soil strongly; very sofL; bi 
heavy. — ^Alone, before the blowpipe, infusible 
communicates to borax an oEve or asparagus 
colour. This minecal is rare. 

/! Red Hematite, Kidney Iron Ore, Red • 
Iron, Fibrous Red Iron Ore. Colour be 
hrowni^ red and steel grey; powder and 
red; internal lustre glunmering semi-mei 
friction produces a high metaUic lustre ; occi 
masses and every viuriety of forms, — stalactites 
ney-fonn balls, &c. ; opaque ; structure diven 
fibrous in one direction, and concentric lamd 
the other; fira^ents splintery; yields with 
culty to the knife ; brittle. Sp. gr. 4*9. 

fr. Compact Red Iron Ore. Colour bei 
brown red and steel grey ; powder blood red ; 
shining; massive, Rlaty,.and in pseudo- crystals; 
turc even ; yields to the knife. Sp. gr. 4*2. — ^1 

£ure, not ma^etic. Becomes darker befon 
lowpipCy but IS infusible either alone or with 
of bor&x, to which, 'ho^CN^i, \\. <»savx&.^muLcat 
olive green colour. 
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&. Red Ochre^ Ochry Red Iitm Ore. Light Uood 
red wkh a tinge of brown ; consists of faintlv >glini» 
mering minute particles^ ^ten coating the other va- 
rietie8> but sometimes found massive ; tiearly duU ; 
friable; meagre; very soft; stains the fingers.*— 
Sp. gr. 3*0. 

t. Reddle, Red Ohalk. Colour light reddish 
brown; occurs massive, with an earthy fracture; 
streak lighter and more shining than the fractuxe ; 
dull; opaque; soft; sectile; meagre to the touch; 
stains the fingers; writes easily; adheres to the 
tongue. Sp. gr. 3*5. 

510. Jasper^ Iron Ore, Jaspery Clay Iron-lrtone, 
— Reddish brown ; massive ; fracture eonchoidd ; 
huMre glimmering ; fragments cubical ; hn*d ; brit» 
tie ; frangible. Sp. gr. 3^. — ^Blackens and becomes 
magnetic before the blowpipe. 

511. Brown Iron Ortf .—Ooloar, when powdered, 
blackish brown. Before the blowpipe, it blackens 
and becomes magnetic, but is infusible alone; it 
tinffes borax olive green. In the matrass, all the 
hydrates of iron, under which term Berzelius in- 
cludes both the brown and red iron ores, give off 
water, and leave a red oxide of iron. It gives a yel- 
lowish brown streidc when rubbed on paper.— 'Aikin 
describes five varieties of this mineral, to which 
Phillips adds a sixth :-— 

a. Crystidlised Brown Iron Ore. In cubes; brown ; 
internally blueish grey; said to become magnetic 
when heated. 

b. Scaly Brown Iron Ore. Colour between steel 
grey and clove brown ; occurs in shining scales ; scr 
mi-metallic ; loose, or slightly aggregated ; unctuous 
to the touch ; stains strongly. 

c. Brown Haematite, ^brons Brown Iron Ore, 
Fibrous Hydrate of Iron. Clove brown or steel 
grey ; occurs in various particular shapes ; structure 
divergingly fibrous in one direction, ooiLCftxitd'cAsBCDkS^- 
lar in the other; lustre silky ; streak fw^ae ''j^^'^ 
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softer than red hematite ; hrittle. Sp. gr. 4-0« — Some- 
times not magnetic. 

d. Compact Brown Ironunre^ Compact Hydrate of 
Iron. Clove brown ; occurs in masses of varioiift 
and often very fantastic shapes; fracture flat oon- 
choidal ; lustre glimmering metallic ; yields pretty 
easily to the knife; brittle; frangible. Sp. gr. 3-7. 

e, Ochry Brown Iron Ore, Ochry Hydrate of 
Iron. Very light yellowish brown; coarse dull 
earthy pamdes; sou; friable; stains the fingers. 
When slightly heated, reddens. 

/. Umber, Hydrate of Iron and Man^nese. Clove 
brown; massive; fracture flat oonchoidal ; internal 
lustre resinous ; very soft ; sectile ; easily frangible ; 
soils strongly ; feels meagre ; adheres to the tongne; 
readily faUs to pieces in water. Sp. or. S-52. 

512. Clay Ironstone, Reniform or Kidney-shaped 
Brown Clay Ironstone, Oetites, Eafflestone, Nodular 
Ironstone. — ^Yellowish, blueish, and reddish brown; 
occurs massive, in globular, reniform, and varioos 
irr^ular balls, sometimes hcdlow, and formed of 
concentric lasers; fracture earthy; glimmering; 
streak yellowish brown; sectile; frangible; meagre; 
yields easily to the knife. Sn. gr. S*6. — ^Blackens 
and becomes very magnetic befbro the blowpipe. 

513. Columnar Clay Ironstone, Columnar Red 
Clay Iron-ore, Scapiform Iron-ore. — Brownish red ; 
occurs massive, and in globular and angular pieces 
composed of jointed columnar concretions, like 
starch; dull; rouph; soft; brittle; exoeedindy 
frangible; has a ringing sound; adheres to Ute 
tongue. Sp. gr. 3-4. Magnetic. — Becomes black 
before the blow{)ipe; bubbles up with borax, and 
communicates to it an olive green or blackish colour. 

514. Lenticular Clay Ironstone, Lenticular Red 
Clay Iron Ore. — Reildish brown; in granular or 
lenticular distinct concretions aggregated into masses; 
streak red ; soft ; brittle ; frangible. Sp. gr. 3*8.— 
Often magnetic. 
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616, Pisifirm Clay Ironstone, Pea Iron Ore.*— 
Yellowish or blackish brown ; in spheroidal grains the 
size of peas, composed of curyed concentric layers ; 
rongfa and dull externally, glistening internally ; not 
hoUow ; fractnre fine earthy or CFen ; streak yellow- 
ish brown ; soft ; brittle ; frangible. Sp. gr. S*!.-— 
Resembles Reniform Clay Ironstone in many res* 
pects, but differs from it in shape, and in not being 
hollow as that mineral frequently is. 

516. Bog Iron Ore, — There are three Tarieties of 
this mineral. These are distinctly marked by their 
diJSerent degrees of compactness, and the first is far-^ 
ther characterized by its very low specific grayitv. 
They are all hydrates of iron, and, therefore, accora- 
ing to Berzelius, give out water, when heated in the 
matrass, and leave red oxide of iron. According to 
Aikin, Bog Iron-ore becomes mejpetic before the 
blowpipe, and he seems to think, msible. 

a, -Friable Bog Iron-ore, Morass-ore, Lowland 
Iron- ore, Morassy Iron-ore. Pale yellowish brown ; 
dull dusty partidies ; fHable; ^cture earthy ; soUs 
strongly ; feels meagre ; is light. 

b. Indurated Bog Iron Ore, SWamp Ore, Swampy 
Iron Ore; Dark yellowish brown; amorphous j 
dull ; fracture earthy ; streak yellowish brown ; very 
soft ; sectile ; frangible. Sp. gr. S*9. 

e. Conchoidal Bog Iron-ore, Meadow Ore. On 
the frestk fracture blackish brown ; massive, in round 
grains, and tuberose ; shining ; fracture condioidal; 
streak light grey; soft; brittle; frangible. Sp. gr. 2*6. 

517. Blue Iron Ore, Phosphate of Iron. — This 
species contains three varieties, all of which, accord* 
ing to Berzelius, behave before the blowpipe in the 
fbuowing manner : — ^Alone, in the matrass, give off 
much water, intumesce, and become spotted with 
red and grey. On charcoal, intumesce, redden, 
then fuse into a steel- coloured metallic globule. 
With borax and salt of phosphorus, behave like 
oxide of iron. With soda, on charccMd, in the re< 

Q 2 
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ducing flainc^ give grains of metal^ which are attrac- 
uhlc by the ma^et. Afford no indication of man- 
raicse when tried on platinum foiL — ^Beraelius is 
Uic only operator who sajs that metallic grains are 
produced oy the blowpipe. Aikin^ Jameson^ and 
others, describe the product of the assay to be a 
brownish black magnetic dag. 

a. Foliated Blue Iron, Vivianite. Dark blue, 
sometimes leek green; in small acicular crystals, 
deeply longitudinally striated; splendent; translu- 
cent ; as hs^ as gypsum ; flexible in thin pieces^ but 
not elastic; fri^gments long tabular; sectile; fran- 
gible. Sp. gr. 2*8. 

b. Fibrous Blue Iron. Indigo blue ; masaiye^ in 
roundish pieces, and in delicate fibrous concretions ; 
glimmering internally ; opaque ; soft. 

c. Earthy Blue Iron, Blue Martial Earth^p Native 
Prussian Blue. — Colour, when fresh dug, white, afler 
exposure to air, indi^ blue ; occurs massive, disse- 
minated, and investing; very soft; friable; dull; 
meagro ; soils slightly ; rather light. — ^Dissolves rea- 
dily in acids, but is rendered insoluble by exposure 
to a red heat. 

518. Sparry Iron Ore, Carbonate of Iron. — Pale 
yellowish grey, passing; when decomposing into brown 
and black ; massive or in rhomboidal crystals ; in- 
ternal lustre splendent pearly ; fragments rhomboid- 
al; structure lamellar; translucent when light co- 
loured ; yields easily to the knife ; not very brittle. 
Sp. gr. 3*7. — In the matrass gives off no water. 
Some species decrepitate violently. The assay black- 
ens in a very gentle heat, and yields protoxide of 
iron, strongly magnetic. Does not melt alone, but 
dissolves with ebullition in ghuss of borax, which it 
colours olive green. 

519. Bluck Iron Die, — There are two varieties of 
this mineral : — 

tu Fibrous Black Iron Ore, Black Hsmatite, 
Black Ironstone, Fibrous Black Manganese Ore. 
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Blucish blacky passing into steel grey ; reniform and 
globular, exhibiting more or less of a fine and di- 
verffingly fibrous structure^ with a glimmering imper- 
fectly metallic lustre ; gives a shining streak on pa- 
per; yields with some difficulty to Uie knife; is 
opaque and brittle. Sp. gr. 4-7. — Infusible alone, 
but a£fbrds with borax a violet-coloured glass. 

b* Compact Black Iron Ore, Compact BladL Man- 
ganese Ore, Black Ironstone, Black Haematitic Iron 
Ore. Difiers from the preceding in having a con- 
choidal, or fine grainea and uneven fracture. It 
occurs massive, and in distinct concretions, consist- 
ing of concentric lamelle which are somewhat curved. 
In other characters, agrees with the preceding. 

590. Titanium, The two following minerals are 
the only ores of this metal which are magnetic : — 

521. Metuuhamtey Menaccanite. — ^Iron-mack, pass- 
ing to ereyish ; occurs in small grains like gunpowder, 
of no oeterminate shape ; easily pulverised ; powder 
attractable by themagnet ; surface rough and ghmmer- 
ing ; internal lustre semi-metallic ; fragments sharp- 
edged; opaque; soft; brittle. Sp. gr. 4-4. — ^With 
two parts of fixed alkali, it melts into an olive-colour- 
ed mass, from which nitric add precipitates a white 
powder. The mineral acids only extract from it a 
little iron. A mixture of the powder with diluted 
sulphuric add evaporated to dryness, produces a 
blue-coloured mass. — ^Before the blowpipe, does not 
decrepitate nor melt. It tinges mierocosmic salt 
green; but the colour becoines brown on cooling; 
yet mierocosmic salt does not dissolve it. Soluble 
m borax, and alters its appearance in the same 
manner. 

522. Iserine, — Iron-black, passing to brown, not 
altered in the streak ; occurs in angular grains and 
rolled pieces; fracture conchoidal; brilhant semi- 
metallic lustre; opaque; scratches glass; attracts 
the magnet feebly. Sp. gr. 4*6. — ^Bemre die blow- 
pipe, it melts into a blackish-brown glass, which 
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acts slightly on the magnet. The minenl adds 
hare no efftrct apon it, but the add of sogar extracts 
a portion of Titanium. 

.i23. Octnhedrife, — This ore of Titanium bdoncs 
properly to the next Family, among the minenus 
composing which it will be found described. We 
merely insert the name here for the purpose of re- 
marking that, according to the Comte De Bonmon, 
some of its crystals acouire by exposure to heat, the 
pro^ierty of acting sligntly on the magnetic needle. 

Family 2. Nat MagMctic after Boasting. 

524. Bfack Capper, Black Oxide of CoppcTw-^ 
Blueish or brownisn black ; disseminated ; compos* 
e<l of dull dusty particles ; soils slightiT ; shines in 
the streak; heayy; forms a smalt blue oolonied 
solution with ammonia, the iron lemaininff undis- 
solved. — Before the blowpipe, it emits a su^hurons 
odour, and melts, alone, into a black slag; eoloors 
borax green. 

53.5. Phosphate of Manganese, Phosphate of Iron 
and Manganese, Pitchy Iron Oie, Femfenms Phos- 
phate of Manganese, Phosphormangan. — Reddish- 
brown, with a brilliant and somewhat chatoyant 
lustre ; massive ; structure lamellar ; opaoue in the 
mass ; semi-transparent in splinters ; scratches glass; 
brittle ; easily frangible, op. gr. 3-6. — ^Aildn places 
tills among the minerals which do not become mag* 
netic after roasting ; but Berzelius says it becomes 
vcri/ magjtttic, Phillips adopts Berzelius's assertion. 
Jameson and Thomson, who both describe the habi- 
tudes of phosphate of manganese before the blow- 
pipe, do not say that it becomes magnetic. The 
following is a summary of the experiments of Ber- 
xelius with this mineral. — ^Alone, in the matrass, a 
little water is given off, which acts on test paper as 
a/i ttc'ul. If the assay is treated in the open tube, 
held so that the fiame lua^ )Qe dkected into it, a de- 
iwsilion of silica take» i^Xafte, ^iYivScv. <»sl ksiiX'^ be 
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attributed to an evolution of fluoric acid. Alone^ on 
charcoal^ the assay fuses with great rapidity and a 
brisk intumescence into a black globule^ which has a 
metallic lustre^ and is very magnetic. With borax 
fuses easily ; the oxidating flame producing the cha- 
racteristic colour of oxide of manganese^ uie reduc- 
ing flame^ that of iron. With soda^ on charcoal^ 
fusion does not take place; but a lai^e quantity of 
phosphuret of iron may be produced by the reauc- 
ing experiment. If the assay be tried on platinum 
foil^ the usual action of oxiae of manganese takes 
place. 

526. [Tol^am^ Tungstate of Iron.— Colour between 
dark-grey and brownish-black ; frequently tarnish- 
ed; occurs crystallized in rectangular parallelopipe- 
dons^ in concentric lamellar concretions^ and mas- 
sive ; lustre brilliant^ often metallic ; yields readily 
to the knife; brittle; frangible; the powder stains 
paper reddish-brown ; easily separated mto plates by 
percussion ; moderately electric by communication ; 
not magnetic. Sp. gr. 7*2. — As the pyrognostic cha- 
racters of this mineral^ as described by Aikin^ Thom- 
son^ and Jameson^ differ from each other very consi- 
derably^ we give the experiments of Berzelius some^ 
what in dets^. — ^Alone^ in the matrass^ decrepitates, 
and gives off water. On charcoal, may be fused by 
a good heat into a globule, the surface of whicn 
presents numerous iron grey coloured lamellar crys- 
tals, with a metallic lustre. Fusion readily taxes 
place with borax, accompanied by the characteristic 
colour of iron. When fused with microcosmic salt, 
the glass assumes in the reducing flame a dark red 
colour ; but, it is necessary to use an exceedinffly 
minute portion of wolfram, otherwise the glass be- 
comes opaque. If tin be fused with the assay, a 
green colour is produced ; we must, however, take 
care that it be not too intense. In a good reducing 
flame, lone kept up, the green colour is diw^Wa^Xs^ 
a faint reel, and ultimately tlie vjo\tt««i\&x«.^M>sa^^ 



190 METALLIC MINERALS. 

When this mineral is tried with soda^ on {rfadnum 
foil^ it decomposes and falls to powder, the edges of 
the soda being coloured green by the manganese it 
contains. — It is proper to ranarK, that woliram fre- 
quently decrefiitates very strongly, and splits into 
uiin leaves ; in these cases, toe mineral will be 
found to have a hard yellow earthy coating, which 
is arseniate of iron, as may be proved by exposing 
the wolfram to the reducing flame, when a strong 
arsenical odour will be disengaged. 

537. Tin Pyrites, Sulphuret of Tin, Bell-metal 
Ore. — Colour between steel grey and brass yellow ; 
occurs amorphous ; internal lustre shining metallic; 
fracture uneven ; soft ; brittle ; frangible ; act mag- 
netic. Sp. gr. 4*3. — In the open tube, produces 
white fumes which do not volatuiie, and developei 
the odour of sidphurous acid. Alone, on charcoal, 
melts easily, exhaling the odour of sulphurous add, 
and in a high temperature, produces a white powder 
which covers the surface of the assay^ and extends to 
a quarter of an inch round its base. This powder, 
the production of which is the principal pyrognostic 
character of tin pyrites, is an oxide of tin, and is not 
volatile either in the interior or exterior flame. 
After long roasting, a grey brittle metallic globule 
is produced, which gives with the fluxes the effects 
of copper and iron. 

528. Blende y Sulphuret of Zinc^ Black Jack^ Zinc- 
Blende, Garnet-Blende, Dodecahedral Zinc-Blende, 
Pseudo-Galena. — Divided by Jameson into three 
species, viz. — Yellow, Brown, and Black Zinc- 
Blonde. — One of the most distinguishing characters 
of this mineral is that it exhales a sulphurous odour 
when pulverised and digested in an add. With re- 
spect to its behaviour before the blowpipe, the fol- 
lowing di?scription by Berzelius applies pretty well 
to aJI the species : — Alone, generally decrepitates 
with violence, but, eveti m ?LTO3L\ifiia.t^ changes littfc 
in appearance. Docs tvot ^^ae-, Vsv ^ n^tj vf^KsuM^ 
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heat^ however^ the thin places on the edges are a 
little rounded. Exhales a slight odour of sulphur- 
ous acid^ hut is difficult to roast. In the open tuhe^ 
no change is ei^perienced. On charcoal^ a strong 
healing hy the exterior fiaroe, produces a circulav 
deposit of vapour of zinc. The assay is very feehly 
attacked by soda ; but by a powerful flame^ the zinc 
is reduced, combustion ensues, and flowers ef aine 
are deposited on the cfaarcoaL — The individual cha- 
racters of this species are as follow :>— 

a. Yellow Zinc-BLsnde, Phosphorescent Blende. 
Lemon yellow, inclining to green ; occurs in groups 
of mis-snapen octohedriu crystals, massive, and dis- 
seminated; strong adamantine lustre; semi-trans- 
parent ; refraction single ; semi-hard ; brittle ; fran- 
gible. Sp. gr. 4* 1. — ^Becomes phosphorescent by fric- 
tion; and, according to Bergman^ as powerfully 
under water as in the air. 

b* Brown Zinc-Blende. There are two varieties, 
of this ; the foliated and the Jibrotis : — First, Foliated 
Brown Zinc-Blende, Reddi6n,yeUowish, andblackish 
brown, sometimes tarnished with variegated colours;, 
massive, in concretions, and crystallized in octohe- 
drons, rhomboidal dodecahedrons, and tetrahedrcms; 
shining externally ; glimmectng internally ; firacture 
fbliatea ; deavage six-fold ; translucent Sp. gr. 4*0. 
not phosphorescent. — Second,. Fibrous Brown Zinc- 
Blende, Uadmiferous Blende. Reddish-brown ; mas- 
sive ; rcniform, and in granular distinct concretions, 
intersected by curved lamellar distinct concretions ; 
lustre splendent pearly ; fracture fibrous ; opaque. 
Sp. gr. 3^9. — ^This variety is remarkable, because it 
contains Cadmium as a constituent, whence it is 
termed by some Cadmiferous Blende. This discovery 
was made by Stromeyer, and Dr Clarke having re- 
marked the gr^at tendency which the salts of Cad- 
mium l^ve to crystallize, was led to suspect th&t ^)LL 
the fibrous ores of zinc owe ibeii &\>to\]l& ^iXxm^v^^ 
to the ^^senee of Cadmium. TYii& a^yki.^Sfsvst% ^'^'' 
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=•■ -.,r: Iki! ;.:rr. •• ^xj-^.izc- 'u.rua English ores j: 
/....% :r. i".l vr* whii.h he- ::ir.ii tha: metal He :hu5 
'if-.^ri'-ien •.:.; ir:'>ic of 'irvrcd^c: the presence o: 
C.A/Irr.i ;T.-i in the cartX'A:*^ and iilicatcs of zinc: 
VW.f. aV,u: the tench of a gnin of oluier cf them io 
thr: WJiit of powfler on a slip of platinum foil ; appk 
ihe hlow^iiji*,- flam* : urj«:n this, if any oxide of Cacf- 




and vclvtrt black, sometimes tarnished with varie- 
pratfffl colours ; wh.-n held between the eye and the 
liifht, appf.ars blfXHl-re<l, if transparent ; occurs in 
tho ft'iTrifr fonns aji Hrown Zinc-Blende ; lustre semi- 
iri'tallic ; fracture foliated ; prenerally opaque; streak 
yj-Uowi.-.h brown. Sp. gr. 1*0. 

V^'i. (in If M'lnicuiest, — There are ^\e yarieties 
of tliJH TTilnf-Tal, which agree in the following charac- 
ters: — Kffcrrvfrsce with muriatic acid, and give out 
chlorine. — fJcforc' the blowpipe, per se, on charcoal, 
ill a \!(hh\ rcducinj; flame, become brownish-red, hut 
df> iifit fust.'. In borax, dissolve with a brisk eflfer- 
vrscincc arising from the disengaged oxygen, and 
\i\\\iy the glass vioJft. — ^The varieties follow : — 

It, Fibrous (irey Manganese Ore. — Dark steel grey; 
occurH in very delicate acicular crystals^ also in 
various pfirticular shapes ; drusy surfaces ; shining; 
streak (tnll uiirt lilack ; soils strongly ; soft; brittle. 

/;. Iladiated (Jrey Manganese Ore, Striated Grey 
( )re of Manganese. — Steel grey, varying in intensity, 
and KometinicH tarnished ; occurs crystallized in 
oblirpie four-sided prisms, also in distinct concre- 
tions, which arc stellular, radiated^ and coUectetl 
into wedge-HliaiKMl masses ; lustre metallic ; cleavage 
prisnuitic ; rather difficultly frangible. Sp. gr. 4*6. 
— Agrees with the first species in other respects. 

<•. Foliated Grey Manganese Ore. — Steel grey, 
vei7>ing to iron black ; massive, disseminated, in 
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concretions^ and crystallized in short oblique four^ 
fflded prisms ; lustre shining metallic ; deavagc pris- 
matic; fracture uneven; fragments blunt-edged; 
streak dull and black; soils; soft; brittle; easily 
frangible. Sp.sr. 3-7. 

d. Compact Grey Mansanese Ore. — Iron black; 
massive; mtemal lustre mimmering metallic; fi'ag- 
menta sharp-edged ; dull and darker in the streak ; 
soils ; soft ; brittle ; easily frangible. Sp. gr. 4*4k. 

€. Earthy Grey Manganese Ore^ Ochre of Man- 
ganese, Wad. — Iron blacky inclining to blue ; mas- 
sive^ disseminated; and dendritic ; friable ; composed 
of feebly slimmering semi-metallic fine scaly parti- 
cles; which soil strongly, and more or less cohere. 
In the matrass, gives on water abundantly ; aftev* 
wards behaves Mfore the blowpipe like the other 
varieties. 

530. Sulphuret of Manganese, Prismatic Manganese 
Blende, Sulphuretted Oxide of Manganese. — Colour 
when fi-esh oroken dark steel-grey ; after exposure 
brownish black ; massive and crystallized in onlique 
four-sided prisms-; lustre of the n>esh fracture splen- 
dent, of the tarnished surface shining, and metallic ; 
fracture foliated, with difierent cleavages ; opaque ; 
moderately hard ; sectile ;. streak leek green. Sp. 
ffir. 3*9.^ — ^Alone, in the matrass, it remains unaltered. 
Koasts in the open tube with tardiness and difficulty, 
giving no sublimate. On charcoal, after being roast- 
ed by a powerful reducing flame to a certain extent, 
the uiin portions of the assay may be melted into a 
brown coloured scoria. During the roasting, sulphur 
is given out When perfectly roasted, its habitudes 
with the fluxes, are the same as those of pure oxide 
of manganese. Colours borax violet, but not until 
the assav is completely dissolved ; in the meantime, 
if the glass is sufiered to cool, it shows a yellowish 
tint. With microcosmic salt, fusion takes place, ac- 
companied by a brisk eftbrvescence, and toe disen- 
gigsment of a large quantity of gas, which contin ues 
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even when tlic blast is endetl. When ilic j^lobule is 
brought near the flame of the hunp, little detona- 
tions are heard, which are occasioned by the combus* 
tion of the bubbles of liberated gas. If the assay 
globule be large, so as to retain a considerable quan- 
tity of heat, this curious phenomenon is prolonged. 
At length, a hirge bubble of gas bursts out, the 
inflammation of which is attended with a pde green 
light. During this experiment, the glass is remark- 
able for a very peculiar play of colours. It is trans- 
parent and colourless while liquid, but on cooling 
acquires a tinge of yellow. When but a smidl part 
of the mineral is decomposed, the mass as it gets 
cold becomes first yellow, then brown, and at last 
black; the production of the last colour resulting 
from the separation of a fixed substance at die 
moment of congelation. If we examine the ydlow 
glass with a microscope, we perceive small black 
particles suspended within it When the whole of 
the sulphuret is dissolved, and there is a cessation of 
effervescence, a glass is producedw hich is both co- 
lourless and pellucid, but which acquires in the 
oxidating flame, a fine amethyst colour. — ^Tried with 
soda, only a partial fusion of this mineral can be 
effected ; there is formed a hepatic mass, which 
sinks into the charcoal, leaving a half-fu^d grey 
scoria on the surface. 

531. Earthy ColxiH, Black Oxide of Cobalt, Black 
Cobalt Ochre. — There arc two species of this miner- 
al, both of which behave before the blowpipe as 
follows : — Alone, in the matrass, give off empyrea- 
matic water; on charcoal, exhale a white arsenical 
vapour, but do not melt ; with borax and microcos- 
mic salt, dissolve and give a deep cobalt blue colour ; 
with soda they are infusible ; on the platinum 
wire, a mass is produced coloured deep green by 
manganese : — 

a. JBarthy Black Coba\X 0<^t^ \^\wftv&Vior brownish 
hlsLcky composed oi duW ^u"aV.^ ^«i^«^r* ^XasSol «^ 
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Tery little; streak shining; meagre; friable; lights 
almost swimming in water. 

b. Indurated Black Cobalt-Ochre. Blueish black ; 
massive and coating; glimmering externally ; opaque; 
fracture fine earthy; streak shimng; very soft; rawer 
sectile ; easily frangible. Sp. gr. 2*2. 

532. Tantalite, Columbite^ Prismatic Tantalum 
Ore. — ^Blueish grey^ verging to iron black ; occurs in 
imbedded single octohedraf crystals of the size of a 
hazel nut; lustre climmering metallic; opaqu6; 
fracture imperfectly foliated ; sives sparks wiUi steel ; 
not magnetic Sp. gr. 7-9. — ^Alone^ oefore the blow- 
pipe^ it suffers no change ; with borax^ it dissolves 
slowly^ but perfectly, fierzelius has given us^ in his 
work on the blowpipe^ a series of experiments on 
oolumbite from difl^ent places, wherein he exhibits 
the methods of reducing me different constituents of 
this mineral^ and of showing the variation in dieir 
proportions. 

633* YUrotantalite, Yttrocolumbite. — Dark iron- 
grey^ ydlowish brown, and dark brown ; occurs in 
nooules the size of a hazel nut, and in rhombic 
prisms; powder gre^; opaque; fracture foliated; 
lustre diining metalhc ; scratches glass. Sp. gr. 6'6. 
— rAlone, in the matrass, gives off water ; the black 
variety becomes yellow, and some specimens become 
spotted. In a red heat, the assay whitens, and the 
glass of the matrass is acted on ; the water which is 
given out meanwhile first turns brazil-wood paper 
vellow, and afterwards bleaches it. Fuses with 
Dorax, into aT colourless glass, which, when saturated, 
becomes opaque. With microcosmic salt, the black 
variety yields a glass, which, after bein^ exposed to 
a good reducing flame, acquires on cooling a slight 
rose colour. The dark and yellow varieties, assume 
on cooling a fine pale green tint. The rose colour is 
indicative of columbium, the green of uranium. 1&^ 
a trial on platinum foil, the presence ol xawa^^^?^^ 
19 shown. 
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i34. Titamium.>^The magnetic ores of this netal 
arc included in the prececuRg jumihf. Tke four 
following minerals are the ores of titanium ^hich 
are not magnetic. 

535. OctokedritCy Anatase, Octohedral Titaaifie, 
Pyramidal Tiuniam-ore.— -Coloar, by reflected 
hght, blue of Tarious shades^ reddish brown^ or steel 
(i^ey ; by transmitted lights greenish jellow ; occurs 
m small octohedral or pyramidal crystals^ the faces 
of which are transversely striated; lustre splen- 
dent semi-metallic; translucent; scratches gIssB; 
is easily broken. Sp. gr. 3-7. Many of the yellow- 
ish-brown crystals acquire by an exposove to heat, 
a deep blue oxour^ — ^Before Uie blowpipe^ this miner- 
al behaves like perfectly pure oxioe of titanium. 
Alone^ it is infusible; mixed with an eoual we^t 
of borax, it melts into an emerald green g^iass^ which^ 
as it cools^ crystallizes in needles ; by a farther ad- 
dition of borax^ the result is a clear glass of ahyadnth 
red colour ; if this is brought to the extremity of the 
flame^ the colour changes to de^ blue^ and tne ^us 
becomes opaque ; but if the action of the bloiqiipe 
be continued, the blue becomes white, and at a still 
higher temperature, the original hyacinth red colour 
is restored ; thus, as the degree of heat is altered^ the 
appearance and disappearance of the colours can be 

Sroduced. In general, the native oxides of titanium 
issolve but partially and with difficulty in salt <^ 
phosphorus, and the portion that does not melt be- 
comes white and semi-transparent, and has the ap- 
pearance of a salt mixed with the mineral. 

536. Sphene, Uutilite, Calcareous Silicate of Tita- 
nium, Brown Ore, Prismatic Titanium-ore. — ^There 
are two varieties of this mineral^ the habitudes of 
which before the blowpipe, according to BerseliuB, 
are as follows : — Alone, in the matrass^ give off s 
little water. Tl\e Vwo^ra. variety becomes yellow, 
but does not lose \t« tra.\vi»Y^Tei!A;>]w-~Th!e y^ow 

«piieiie suffers no change. K «?^caskS?Dk fesrak.Yw«» 
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land^ presented a curious phenomenon : having been 
heated in a matrass till it began to melt^ at a certain 
moment the assay suddenly shone as if it had taken 
fire. On charcoal^ or in the forceps^ sphene slightly 
intumesces^ and fuses on the edges into a dark- 
coloured glass. The unfiised portion preserves both 
its semi-transparency and its yeUow colour. With 
borax it is easily fused into a clear transparent yel- 
low glass^ which becomes brown upon tne addition 
of more sphene, but does not develope in the reduc- 
ing flame the colour which is characteristic of tita- 
nium. A partial fusion is obtained with salt of 
phosphorus, the unfused portion becoming milk 
white. With this flux, in a good reducing flame, 
it is possible to develope the characteristic colour, 
especially if tin be added. The glass, after a long 
blast, l)ecomes opaline on coolmg. With soda, 
sphene produces an opaque glass, which no addition 
of the nux can render transparent, and which when 
cold is similar to that formed with pure oxide of 
titanium. If a large quantity of soda be used, the 
charciMd absorbs the glass, and bv the reducing ope- 
ration a little iron is usually produced. 

a. Common Sphene, — Colour various shades of 
brown, green, and white ; occurs in granular distinct 
concretions, and crystallized in oblique rhombic 
prisms, modified; internal lustre shining adaman- 
tine; cleavage imperfect; fracture Imperfect con- 
choidal; opaque to translucent; streak yellowish 
white ; hard ; brittle ; frangible. Sp. gr. 3-5. 

b, Foliated Sphene.^-ColoxiT various shades of yel- 
low, sometimes passing into clove brown; occurs 
massive ; in straight lamellar concretions ; and crys- 
tallized the same as the first variety ; lustre resinous, 
splendent on the cleavage, glistening on the frac- 
ture ; has a double cleavage, in which the foils are 
parallel with the lateral planes of the oblique four- 
sided prism ; in other characters agcee^ V\\\v ^^ 
j^ecedin^ variety. 

R 2 
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537. TUanite, Rutil^ Native Oxide of Titaniunii 
lied Schorl. — Colour dark blood-red, passing into 
light brownish red ; occurs massiye, in distinct con- 
cretions, and in prismatic crystals, the surfaces of 
which are longitudinally striated; external lustre 
shining ; structure lamellar ; principal fracture foli- 
ated ; cross fracture conchoidal ; fragments cubical ; 
translucent ; hard ; brittle ; frangible. Sp. gr. i-S. 
— " Before the blowpipe, it does not melt but be- 
comes opaque and brown. With microcosmic salt 
it forms a globule of glass, which appears black; 
but its fragments are violet. With borax it forms a 
deep yeUow glass, with a tint of brown. With soda 
it divides and mixes, but does not form a transpa- 
rent glass." — Thomson. '^Behaves like oxide of 
titanium, but the hyacinth colour it gives in the 
oxidating flame is never so pure as that given by 
anatase. Treated with soda on platinum foil, it 
colours the edges of the flux green, — a proof of the 
presence of manganese." — BerToelitu. 

538. Niffrine, Granular Oxide of Titanium.^- 
Brownish black ; occurs in loose, ansolar, and 
rounded grains; structure straight lamellar; frac- 
ture flat and imperfectly conchoidal ; lustre glisten- 
ing adamantine; opaque; brittle; streak yellowish 
brown. Sp. gr. 4*6. — Infusible before the blowpipe 
without addition ; with borax, it melts into a trans- 
(Mirent hyacinth-red globule. 

539. Pitchblende, Protoxide of Uranium, Pitch 
Ore, Pechblende, Sulphurated Uranite.— -Greyish, 
greenish, or brownish black ; internal lustre shining 
resinous ; massive, disseminated and in thick curved 
lamellar concretions ; fracture conchoidal ; streak 
black and shining ; opaque ; soft ; very brittle. Sp' 
gr. 6*5. — Imperfectly soluble in sulphuric and mu- 
riatic acids, perfectly in nitric and nitro-muriatie 
acids ; colour of the solution wine yellow. Infusi- 
ble with alkaUes vn a ciMdVAs. — ^Biefore the bbw- 

pipe, alone^ ii^usVble aw^ \xt^X«^^ \ Vi;s<«i«s^)\C 
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held in the fcnroeps^ it ookmrs the external flame 
green. \Vith borax, it forms a grey slag; with 
microcosmic salt, a clear green globule; with soda, 
does not fuse, but, if reduction be attempted, it gives 
white metallic globules of iron and lead. 

540. Uranite, Uran-Mica^ Micaceous Uranitic 
Ore, Chalcolite, Phosphate of Uranium, Hydrate of 
Uranium. — ^Emerald green, apple green, and lemon 
yellow; crystallized in rectangular prisms and in 
tables; lustre splendent pearly ; translucent; streak 
green ) fracture foliated ; soft ; sectile ; easily fran- 
gible. Sp. gr. 3-3. — Dissolves without effervescence 
in nitric acid, forming a lemon yellow solution. — It 
decrepitates violently before the blowpipe on char- 
coal, is ^atly diminished in weight by ignition, 
and acquires a brass colour ; with borax it yields a 
yellowish green glass. 

541. Uran Ochre* — ^There are two species of this 
mineral, viz. 

a. Friable Uran Ochre, Pulverulent Oxide of 
Uranium. — Lemon yellow; usually coating pitch 
ore ; friable ; composed of dull dusty particles ; soils 
feebly; light — In the matrass yields water and 
possesses a red colour whUe hot; in the reducing 
flame assumes a green colour without melting; be- 
haves like pure oxide of uranium in other respects. 

b. Indurated Uran Ochre, Compact Oxide of 
Uranium. — Colour sometimes lemon yellow, some- 
times reddish and brownish ; massive and dissemi- 
nated; opaque; glimmering; fracture imperfect 
conchoidal; soils ; soft ; sectile. Sp. gr. 3-2. — ^Alone 
in the matrass, yields water and becomes red. On 
charcoal in a sDod heat, fuses into a black globule. 
Behaves like Uie preceding variety with fluxes. 

542. Cerite, Cerium Ore. — Colour between crim- 
son red and dove brown, sometimes flesh red; 
powder grey ; massive and disseminated ; glimmer- 
ing resinous internally; senu-tiatis^T^TA. \ «Xt^£«Ne- 
greyish white; fiucture fine splixkUt^ •, «eTO^A\«t^% 
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britiltr. Sp. gr. i-6. — ^Alonc in the matrasB, yiddt 
water and bccofnes opaque ; on charoodl^ it splits in- 
to pieces but does not melt; when powdered, the 
crJuur cliangcs from grey to yellow ; with bonz, a 
solution is slowly e&cted. The oxidating flauie 
proiluces a deep orange coloured ^aas, which on 
cooling becomes of a clear veDow ; if we resort to 
the process ofjlamimg, the glass aoquirei the ^ipear- 
auce of a white enameL 

513. White Manganese, Carbonate of Mannneae. 
— Uliite, yellowish, or reddish ; maasiTe and crys- 
tallized in curvilmear rhomboids; translucent; 
glistening lustre; scratches glass; is brittle. Sp. 
gr. 2*8. — It gives off a little water, and Yiolently de- 
crepitates, when heated alone in the matrass. In 
tlie reducing flame, on charcoal, it becomes brownish 
black. It IS infusible per se, but tinges borax pur- 
ple. It effervesces with acids, and on digestion with 
muriatic acid, gives out chlorine. 

6 i4. Calamine, Rhmnboidal Calamine, Carbonate 
of Zinc. There are four varieties of this: — 

a. Sparry Rhomboidal Calamine. — Greyish and 
yellowish ; in small rhomboidal crystals, and in vari- 
ous particular shapes ; shining and pesrly internally ; 
partially transparent; yields easily to the kniK. 
Sp. gr. 4*3. — Dissolves with effervescence in muri- 
atic acid. Before the blowpipe it assumes the ap- 
pearance of white enamel, and then is acted upon 
as if it were pure oxide of zinc ^Fhen calamine 
which contains cadmium, is exposed on charcoal to 
the reducing flame, the first impulse of the heat pro- 
duces around the assay a red or orange coloured ring. 

b. Compact Rhomboidal Calamine, Lapis Cala- 
ininaris.— -Greyish, greenish, yellowish, or brownish ; 
massive, in concretions, and other shapes ; rarely in 
crystals ; dull internally ; fracture splintery ; neariy 
opaque. — Chemical characters same as variety a. 

c. Earthv Rhomboidal Calamine, Sub-Carbonate 
of Zinc. — ureyish white; duU; massive and invest- 
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lug ; fracture earthy ; yields to the nail ; opaqve ; 
adheres to the tongue. Sp. gr. 3*6. — Tried in the 
matrass akne^ it gives off water^ and afterwards be- 
haves like oxide or zinc. The assay may be vola- 
tilized by a continued hlaat in the redudng flame^ 
when it leaves a scoria containing iron. 

(L Cupriferous Calamine, Double Carbonate ef 
Zinc ana Copper. — Thin crystalline lamins, diverg* 
^S^7 aggregated, and with a silky histre. — In the 
matrass alone, fumes and becomes black , produces 
with fluxes the eflSscts of copper. By the reducing 
experiment with soda, the charcoal is covered with 
fumes of zinc, and a metallic globule -of copper is 
produced. 

.545. Electric Calamine, Prismatic Calamine, Sill- 
oite of Zinc. — Greyish and yellowish white ; mas- 
sive, in particular shapes, and sometimes in rhombic 
prismatic crystals ; internal histre glimmering ; frac- 
ture small imeven ; transparent to opaque * yields to 
the knife. Sp. gr. 3*4. — When gently neated, is 
strongly electric ; forms a solution in muriatic acid, 
without efl^nrescence, which gdatinizes on cooling. 
Alone in the matrass, it dightly decrepitates, gives 
off water, and becomes white; in a strong heat, 
intumesces a little, but does not fuse. Gives with 
borax a colourless glass which is permanently traus- 

?arent. It swells up with soda, out does not fuse. 
^he solution of cobalt produces with it, first a green 
colour, and afterwards, in a good heat, a most beau- 
tiful blue. 

546. Tungsten, Tungstate of Lime. — Greyish or 
yellowish white; amorphous, in granular concre- 
tions, and crystaUized in octohedrons ; fracture con- 
choidal ; lustre adamantine ; translucent ; yields to 
the knife. Sp. gr. 6*0. — Before the blowpipe it 
crackles and oecomes opaque, but does not fuse. 
— With borax it forms a colourless glass, unless 
the flux be in too great a quantity, when the 
g^asB 18 brown. Witli microcosmic salt it forms 



2U2 

a bim; iilumy which lama it» 
dame, but recovers it id the infieriar 
5i7. Ckmmate of Innty Ptiaanitie 
Browniflh black; formed 
(Irona; firacture conrhoidai ; fanfere 
2iiiioiu and metiHic, 

opaque; brittle. Sp. gr. 4r<k — ^Foaed wiA 
anil diafiolved in water, it forms a bemtifiil 
jellow coloured iioliition. Inmluhlf in ninic add. 
Xot magnetic Ddea not foae befixe the liia«uqw 
per se, bat forma a fine green bod with botaca, bbt- 
ing a difierent appearance firam the green 
duced by fnaing borax with nafpaedc 





Class 3. EMLTHY BflNERALS. 

SIS. FortheJ?jjra/ia/Clanic/rrrof thkChM^iee 
paragraph 391. 
It is divided into three (Mars, as foOows r^ 

Oanaa 1. SolmbU, either wkolhf or im comsidtr^ 
able proportion^ iu cold amd moderate^ dSbde 
Muriatic Acid. 
OaneaS: Fusible before the Bhwpipe, ailome. 
Oansa 3. Infusible before the Blowpipe, abme. 
These Orders are divided into Genera, aeoording 
to certain subordinate characteristics. 



On HE II 1. Soluble, either wholly or in consi- 
derable proportion, in cold and moderately 
dilute Muriatic Acid. 

^W, This OrdcT \¥> i\mCL<cA.\s^ N^w. VisXis^ \.<«<i 

L 
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Genera : the firsl comprising those minerals which 
" effervesce vigorously," the second, those which 
" effervesce very feehly in cold, hut more vigorously 
in warm, muriatic acid." But, as the last Genus 
comprehends only two species, namely. Pearl Spar 
and Dolomite, the distinction has not heen adopted. 

550. Carbonate of Lime. — 'So other mineral can 
be compared with Carbonate of Lime in the abun- 
dance with which it is scattered over the earth. 
Many mountains consist of it entirely, and hardly 
a country is to be found on the face of the globe, 
where, under the names of limestone, chalk, marble, 
spar, it does not constitute a greater or smaller part 
of the mineral riches. The sub-species may be 
reckoned in number 14. These differ greatly in 
external characters ; but all agree in these two re- 
spects : they readily yield to the knife ; their specific 
gravity is below 3*0. — Carbonate of Lime, in all its 
varieties, has thd following chemical characters: — 
Alone, in the matrass, yields no moisture. When 
pure, on charcoal, is infiisible, per se, and does not 
tinge the flame of the blowpipe, but it shines with 
peculiar brightness when the carbonic acid is driven 
off. It loses, by complete calcination, about 43 per 
cent; becomes caustic thereby, heats with water, 
and acts as an alkali on reddened litmus paper. 
Ferruginous or manganesian calcareous spar blackens 
by heat. With the fluxes, dissolves with efferves- 
cence, and behaves like Lime. Those varieties, which 
contain iron or manganese, give a coloured glass. 

a. Calcareous Spar, Calc Spar. Colour very vari- 
ous ; occurs massive, and crystallized in about 600 
varieties of form, all originating from an obtuse 
rhomboid; usually more or less transparent; the 
purest varieties refract doubly in a high degree ; 
uistre between pearly and vitreous, shium^*, ^t«%- 
inents rhomboidal ; yields easily to \\\e Vw\i«. ^"^^ 
gr. Mbput 2*7. 
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Coarcioer LfBicsssotf'. Jiusvtf ; CMnpactoripnMibr, 
fn£ZQx^ Ld^s d^ cxh'hiVwVii. and mnev^t tpli»- 
Utt, rveir eaitliT; ^inmiaiDg or dnfl; eoloor 
xmoKUk ; bums to ^cklime, withoat £dliiig lo 
pieces. The three saeoeedmg sabstmncei are codb- 
dcred as rarieties of Comxnoii Umeslooe : — 

Siriimtooe, Sunkstone. MasBTe ; oaloar liver 
hrovn or black ; gives oat a strong foetid odour^ 
when scraped or rubbed; bams into a white 
quicklime. 

Bituminous Limestone. Brown or black; la- 
minar and compact; when rubbed or heated^ 
gives out an unpleasant bituminous odour; br 
the continuance of heat, it loses both colour and' 
odour, and bums into Lime. 
A rgillo- Ferruginous Limestone. Oerara mas- 
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sive^ and in globular masses; tougher than com- 
mon limestone ; has an ttgiUaceous odour when 
hieathed en, and when burnt is of a buff colour. 
It is fiuable into a sbug. Effervesces violently with 
acidB> but is o^y partially soluble. The Lia» 
Limestone, and the Aberthaw Limestone, are both 
argillo-ferruginous varieties, 
t. Oolite, Roestone. Oscurs in masses composed 
of small globular distinct concretions> each globule 
formed of concentric lamelle; colour greyish brown; 
opaque; semi-hard; very easily frangiue; teo im« 
pure to bum into Lime. Sp. gr. 8*7. 

k. Peastone, Pisolite. Kound masses, composed 
of concentric lavers, having each a grain of sand 
in the centre ; wnite or brown ; die concretions vary 
m size fmn a pes to a haade nut, and are some* 
times aggregated; opaque. 

/. Chalk. Massive ; dull ; fracture earthy ; opaque ; 
soft ; light ; whidsh or greyidb ; stains the fingers. 

m. Autrle. Massive ; compact or slaty ; colour grey; 
fisDs to pieces on eiroosure to the air, and is then 
plastic widi= water. Unlike pure carbonate of fime ; 
marie is easily fusible, and forms a slag. It effer- 
vesces partidly m acids, but is only soluble in pro- 
portion to its purity. 

Bituminous Marie, Bituminous Marie-Slate. 

Massive ; fracture curved or straight slaty; opaque; 

brownish black; glimmering ; son; meagre. 

n. Ma^beporite, Andiraoolite, Prismatic Lucuilite. 

Occurs in large roundish masses^ which are compos* 

edof prismade diverging concretions ; internal lustre 

from dun to splendent ; greyish black ; opaque; soft 

Sp. gr. 2'7.-^£mit8 when rubbed a strong smeU of 

sulpouretted hydrogen> gas. 

o. Tufa, Cidctuff. Massive; structure cellular, 
porous, orsi>ongy; fracture earthy ; opaque; dull; 
Ii|^t ; of ten incrustina various for^gn substances. 

551. Atragomte, — 'Agrees: in chemical pr-ojperties, 
and in doable lefhustiany with caxtenitte d lime ; 

s * 
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but in some particulars it differs from that substance. 
Its fracture is coarsely fibrous and imperfectly foli- 
ated ; cleavage double ; fra^ents not rhomboidai ; 
lustre shining yitreous; yields to the knife, but 
easily scratches calcareous spar. Sp. gr. 8-9. — Alone, 
in the matrass, does not change at a low heat, but 
when red hot, froths and becomes a coarse white 
porous powder, yielding in the process a very small 
quantity of water. Arragonite has been divided 
mto ^ee sub-species : — 

a. Coralloidal AiTa|;onite, Flos ferrL In snow 
white branches, consisting of fibrous crystals, diverg- 
ing from a centre, and sometimes having their points 
externally apparent. 

b, Aacular Arragonite. In six-sided prisms, 
longitudinally striated, and having two opposite 
faces larger. 

c. Massive Arragonite. With a silky lustre. 

552. Calamine, — This metallic mineral, see 544, 
is mentioned here, because it possesses the character- 
istic of this Order, of being soluble in muriatic add, 
and frequently has a great resemblance to an earthy 
mineraL 

553. White Manganese, — ^This is a metallic mi- 
neral, see 543, and is placed here merely on ac- 
count of its possessing the property of eflKrvescing 
with acids. 

554. Witherite, Carbonate of Barytes^-^Massive, 
with a di?ergingly bladed structure, rarely in six- 
sided prisms, terminated by six-sided pyramids ; 
fracture splintery ; brownish white ; semi-transpar- 
ent ; glistening resinous ; yields eaaly to the knife. 
8p. gr. 4*3. — Decrepitates slightly, and readily fiues 
into a clear glass, which on cooling becomes a 
white enamel. Gives a yellow colour to flame. 

555. Strontian, Strontianite, Carbonate of Stron- 

tign, — Occurs rarely in six-sided prisms, terminated 

by low six-sided pytaxsudA ; %e:TveTally massive ; di- 

\trgingly fibrous Btxuctoce', ^\iaxi%\«iA^ Voato; 
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E ale green; translucent; yields easily to the knife, 
p. gr. 3*7.— 'Fuses with a moderate heat^ on the 
surface only^ assuming a cauliflower impearance and 
a dazzling brightness; tinges the blowpipe flame 
purple; Koomes opaque; the ramified portion ac- 
quiring alkaline properties. 

556. Dolomite, Carbonate of Lime and Magnesia. 
—This mineral is not distinguishable by the blow- 
pipe from calcareous spar. It is soluble slowly and 
with very little effervescence in cold muriatic add^ 
but more rapidly and with considerable efRsnrescence 
in hot acid. In this respect it differs from the pre- 
ceding species of this order. There are the five fol- 
lowing subspecies :— 

a. Common Dolomite. Massive; in fine concre- 
tions ; greenish white ; translucent ; internal lustre 
glistening ; soft ; meagre. Sp. gr. 3*8. 

b. Rhomb Spar^ Bitter Spar. In middle-sized 
rhombs ; splendent ; grey ; fracture foliated ; semi- 
transparent ; scratches calc spar. Sp. gr. 3*0, 

c. Columnar Dolomite, rale grey; occurs in 
pieces about two inches lon^, interwoven with fibres 
of asbestus^ and coated with a yellow botryoidal 
crust; framnents adcular ; longitudinal fracture ra- 
diated with delicate cross rents ; feebly translucent. 
Sp. gr. 3-8. 

d. Magnesian Limestone. This is found in creat 
abimdance in England: occurs massive^ and differs 
from common limestone in having generally a gra- 
nular sandy structure, a gUmmering or gfistening 
lustre, and a yellow colour. 

e. Miemite. Occurs in fiat double three-sided py- 
ramids, and in granular and prismatic concretions ; 
asparagus green ; splendent vitreous. 

557. Broum Spar, Pearl Spar. — Occurs massive, 
and in obtuse rnomboids with curvilinear faces; 
shining pearly; semi-transparent; pale yellow ot 
pearl grey ; becomes brown on exposure \o Ock!& ^x % 
jiMb to tile knife, but is haTdei lYiaca ca\e. ^v^'^- 
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Sp. gr. S'A.^^'5.'— It IB fnfmrihir; bat 
bcDwn or bliudL betee tbe Uovpipe ; and. Eke tbe 
Twietks of dolomite, u bat nkmbf mid ^niedj nia- 
ble in cdkL muriatic add. Tbia mmsal is fre^Mntlr 
eonfounded with Sparry Iroormrc, wba^ it mna 
reaembles in appearance. 



Ordu. 2. Futtble before die Blawfipe, 

Alone. 

558. This Order is divided into livor Gcacn, as 
fbUowB: — 

Genus 1. Specific Gravity leu ikam 5-0.^ hU 

i^ore thoM 3*0. 
Gsirus S. Specific Gravity leu tkom, 3-a« M 

more thoM 2-5. 
GiNus 3. iS^wtrj^ Gramhf less tkam 5^5., M 

more Max 2^. 
Gjencjs 4. Specific Gravity less ikon 9H)w— 

jSt>m« species supernatant* 

These Genera are all divided into Familiffc aceori* 
ing to the different degrees of hardnesa of uie mine- 
laia whidti they comprehend. 



Genus 1. Specific Geayitt less thav 5*0.9 

but more than 3-0. 

559. This Genus is divided into five Families:— 

Family 1. Harder than Quartz — Scratch Qjisrtt 

with ease. 
Family 2. Rather harder than Quartz — Scratch 

Quartz with same difficuUy^^Scraick Felspar 

with ease. 
Family 3. Hardness equal to, or exceeding', that 
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of Felspar — Scratched by Quartz — Scratch Win" 

dow^gtasa with ease. 
Family 4. Softer than Felspar — Scratch Fluor» 

spar — Scratch Window-^ass feebly , 
Family 5. Scratched by Fluor-spar. 

Family 1. Harder than Quartz — Scratch 
Quartz with ease. 

560. Sp. gr. 4-3. — Precious Oamet. — Under the 
term Garnet rank many Babstanoes (perhaps twelve^ 
which consist prindpauj of the same elements^ ana 
agree in being fonnd in rhombic dodecahedrons, or 
the varieties of that crystalline form ; but as these 
difier in their specific gravity and oftner properties^ 
they are necessarily separated in this synopsifl. 

Precious Garnet, Almandine, Argillaceous Gar- 
net. — Colour cherry red, often with a tinge of yellow 
or blue, and a smoky aspect ; translucent or transpa- 
rent ; in rhombic dodecahedrons, with their anglea 
sometimes replaced ; cross fracture oonchoidal; lus- 
tre shining vitreous. — ^Before the blowpipe, per se^ 
becomes brown, but assumes its natural colour on 
cooling; fiises without intumescence into a black 
glass with a pseudo-metallic surface, and a vit- 
reous lustre on the fracture. When melted with 
borax, forms a glass tinged dark by iron. With 
mic. saXt, intumesces, decomposes, and leaves a ske- 
leton. With soda, intumesces, is decomposed, and 
forms a black ^obule with a pseudo-metallic lustre. 
Tried on platinum, exhibits traces of manganese. 

561. Sp. or. 3*8. — Pyrope, A variety of the Gar- 
net. — Found in rounded or an^^lar grains, never 
crystallized ; blood red mixed with yellow ; fracture 
conchoidal; lustre splendent vitreous; transparent^— 
Before the blowpipe, first becomes black and opaque ; 
if then allowed to cool, it becomes successively dark 

Seen, fine chrome green, colourless, fine fiery red. 
elts difficultly and quietly into a brilliant black 

s2 
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tbui Pft-acns Gazxex ; pMaynnig- — Before te 
Uinqt>ip&, BrOEi of iht aammati guneCi Aiie with 
•ome i^finilxT, per ac^ ioio a hlarihisb or giceiiMli 
ooloGLivd fdobulb Willi licnx they gmenlly iHvacit 
a gUs£ h«Tin^ die green coloiir dundctusic d 
iron. The foaion either vsy, it often accompuiied 
by ftzong intamesemce. On leaf pUtinum, tnoa 
ctf man^nese ire produeed. 

564. Sp. ^. 3'7. — Mdamtey or BUdc Ganiet, A 
variety of the common garnet — Found in lara, in 
roundish crystals; greyish black; opaque. — Fusn 
alone into a bright black glass, without intumes- 
cence. ^Vith borax it fuses slowly into a glan co- 
loured green by iron. 

565. Sp. gr. 3*6. — Cinnamon Stone, Essonite. Oo- 

cuni in splintery fragments, and roundish pieces of 
an orange brown oc^ur; semi-transparent; oontaini 
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nmny .fisgoreg; fracture oonchoidal.—- Before the 
blowpipe^ it foses readily into a reddish brown or 
greenish transparent ghws. With mic salt^ decom- 
poses like the other varieties of garnet. With borax 
fuses with great ease into a transparent glass tinged 
by iron. 

666, Sp. gr. S'it^'^'Orossular, a rare yariety of the 
Grarnet. — Found in varieties of the dodecahedron, 
with smooth faces; asparagus green; idiining; semi- 
transparent ; hard. — Fuses like garnet^ and forms a 
iH'own vesicular bead. 

567. Bp, gr. 3*4. — Idocrase, Vesavian.— Massive, 
or in groups of crystals ; form, a right prism with 
square base, edges often replaced; fracture small 
eonchoidal; lustre splendent; colour brownish or 
yellowish green ; translucent ; refracts doubly ; oc- 
curs in volcanic rocks. — ^Alone, before the blowpipe, 
fuses very readily and with intumescence into a dark 
coloured glass, which becomes in the exterior flame 
yellow and transparent. Forms with borax a cleur 
glass coloured by iron. With mic salt, decomposes 
and yields a silica skeleton ; the glass on cooling he* 
coming opaline. 

568. Sp. er. 3*2. — Common Schorl, Black variety 
ef Tourmafine. — Occurs in the same fonn as the 
tourmaline, viz. the prism, with many sides and 
longitudinally striated ; also, in adcular, parallel, or 
diverging concretions; cobur velvet black; lustre 
glistening vitreous; ^cture eonchoidal; fragile; 
opaque ; pyro-electric with polarity, like the tour- 
maline. Fuses alone, with strong intumescence, and 
turns white; afterwards, the mtumesced portion 
melts difficultly into a translucent greyish yellow 
bead. Effervesces vrith borax, and melts readily 
into a dear glass with a tinge of iron. Sharply eu 
fervesces and quickly decomposes with mic. salt, 
leaving a skeleton of silica, and forming an opaline 
globule. Scarcely dissolves with soda ; the product 
It iuf uiible with fuiditional fiux.-*-A variety of black 
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tourmaline, or schorl, from Bovey, aftor intumescing 
alone, gives a black ditficultly fuaible scoriaoeoiui 
ma^ ; but with the fluxes beluiTea like the aboTe. 

669. Sp. gr. 3-2. — Saussuritef Variety of Jade* — 
Massive ; leek green ; also greyish or wnitish green ; 
translucent on tnc edges, unctuous; extremely tou^; 
fracture splintery ; hardness Tariable^ — ^Alone^ berate 
the blowpipe, melts on the angles and edges, bat 
does not fuse entirely. 

57U. Sp. gr. 3*2. — Spodumene, Triphane. — Mas- 
sive and disseminated, has three distinct cleaTages, 
and a shining pearly lustre; also, occurs fibrous 
with a silky lustre ; translucent ; greenish white ; 
brittle. — Gives off water and turns whiter in the 
matrass. On charcoal, alone, it presents the re- 
markable appearance of exfoliating into gold co- 
loured scales, and afterwards fuses into a greyish 
white transparent glass. Intumesces with borax, 
and forms a transparent tumified mass, but does not 
melt easily. With solution of cobalt, it afibrds a 
j^lass of a blue colour. The mineral termed JTt&'at^ 
IS a variety of the preceding. 

571. Sp. gr. S.2. — ^2-9. — TremolUe, Grammatite.— 
Hardness yariable. Divided into three varieties : — 

a. Sp. gr. S-S. — ^2*9. — Common Tremolite, Ciystal- 
lized Tremolite. White with a tinge of some olher 
colour ; occurs in masses of delicate crystalline fibres 
which sometimes radiate ; also in fiat manyndded 
deeply-striated prisms; translucent; as hard as 
hornblende; lustre shining pearly ; phosphorescent 
both by heat and friction. Before the blowpipe, in 
a strong heat, intumesces a little, splits longitudi- 
nally, turns white and opaque, and with great diffi- 
culty melts, with considerable effervescence, into a 
distorted and nearly opaque greyish white mass. 

/;. Sp. gr. 2'8. — Asbestous Tremolite. — Greyish 

white ; in masses of fasciculated groups of minute 

rlivergiiig fibres ; iractvixe ^\ie fibrous, often soopi- 

forni; lustre g\ialeTvvn^\»^at\^ ^ncts ^\.*\a.\sasB^ but 
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tke eoDcretions are bard ; seotile; translucent on the 
edges. When nibbed in die dark^ emits a pale red 
light ; when thrown in powder on hot coals, emits a 
ggpeen light. — ^Alone, before the blowpipe, bubbles and 
melts with mndi difficnlty into a yiteeeus mass, 
ddicately radiated on the surface. Melts slowly 
with borax, but readily with soda, into a transparent 
colourless glass. Fused with solution of cobalt, the 
edges are coloured red. 

c. Sp. gr. 3*0.— 2-8. — Glassy IVemolite, FilMxms 
Tremolite. — ^White with a ^een, grey, or yellow 
tinge ; composed of thin prismatic distinct concre- 
tioRS,coHectedintothickones; little; fracturenarrow 
radiated with cross rents ; translucent ; lustre i^in« 
ing pearly; nearly as hard as hornblende; Phos- 
phorescent in a low d^ree. -—Melts before the blow- 
pipe with Tcry great dijBioulty into a white cellular 
scoria. 

Faxily 3. Hardness equal to, or exceeding, 
that of Felspar — Scratched by QMortz-^ 
Scratch Windon>'Glass with Ease. 

57S. Sp. gr. i'2^*-^adolinite, — Scarcely fusible, 
•ee 671. 

573. Sp. gr. S'^-^EmdoU, Thallite, Piatacite 

Amorphous and crystallized ; yellowish green ; crys- 
tals Mten very slender, frequently in groups, and 
longitudinailjr striated; translucent. — Fuses, alone, 
at tne edges, intumesces, ramifies, and becomes of a 
deep brown colour ; in a strong flame, it assumes a 
round shape, but does not wholly fuse. With borax, 
after intumesctng, forms a ^een bead. Intumesces 
and readily decomposes with mic. salt, leaving a 
silica skeleton. — ^Tne manganesian variety of the 
epidote, which occurs in groups of small prismatic 
Tiolet crystals, fuses alone very easily, bubbles and 
llsrmfl a black fflase. With bwax it eSeoeacc^ %xA 
taaes into a dear glass, which ha& axi vcclc^'^^ 
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colour in the outer flame, and a tinge of iron in the 
inner ; but on cooling becomes colourless. 

674. Sp. gr. 3*4. — Hyperstene, Labrador Horn- 
blende. — Amorphous, structure lamellar; dark 
greenish brown or black, with pseudo-metadlic re- 
lections of a copper red ; opaque.*— Most mineralo- 
gists describe this mineral as infusible: Benelias 
gives us the following account: — In the matrass 
crackles and gives off water. On charcoal fuses 
easily into a greyish green opaque glass. Melts 
easily with borax into a greenish glass. 

575. Sp. gr. 3-3. — Zoisite, Variety of EpidotCw^ 
Crystallized in oblique striated four-sided prisms 
with incomplete terminations; also amorphous; 
structure lamellar; blueish ^y; pearly lustre; 
translucent. — Before the blowpipe, alone, smidl bub- 
bles appear, the assay then intumesces and ejqpands, 
and its outer edges assume the appearance of trans- 
parent yellowish glass ; after which the intumesoed 
mass forms a vitreous scoria of extremely diffionlt 
fusion. Intumesces with borax and forma a clear 
glass. With Mic Salt, intumesces, efiervesces, de- 
composes, and yields a silica skeleton. Melts into t 
clear glass with a very little soda ; but with a large 
portion forms a white infusible mass. Gives traces 
of manganese on platinum foil. 

576. op. gr. S'd. — Axinite, Thumerstoned — ^In flat 
crystals, with remarkably sharp edges, sometimes 
pyro-electric ; colour violet ; transparent ; splendait; 
fragile. — Fuses into a green glass with intumescence. 
The exterior flame renders this glass black. With 
borax, fuses into a glass tinged by iron, but having 
an amethystine hue in the outer flame. Becomes 
green witn soda, then fuses into a blackish glass, 
with a semi-metallic lustre. 

577. Sp. gr. 3*2. — Bronzite, — See 677. 

578. Sp. gr. 3*2. — Basaltic Hornblende. — Oocars 
in six-sided prisms, terai\\^\£^ Vvx two three-sided 
j^yraiiiids ; deep \IVacV •, o\>«lq^q\ «^\i\^\i\.Ttes«ss ; 
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often magnetic; structure laminar. Fuses into a 
shining black glass. 

579. Sp. gr. 3*2. — HaHyne, Latialite. — Massive^ 
and in minute rhombic dodecahedrons; blue and 
blueish green ; shining vitreous ; very britde ; frac- 
ture conchoidal.^— On charcoal^ loses its colour, and 
fuses into a blebby glass ; with borax effervesces, and 
fuses into a transparent glass, which on cooling be- 
comes yellow, and if saturated, opaque. 

580. Sp. gr. 3'«.--2-9. — !ZVemo/i7e.— See 571.— 
Some of the varieties agree in hardness with the 
minerals of this family. 

581. Sp. gr. S'O. — Jade, Nephrite.^ — Hardness 
variable ; massive ; ver^ tough ; splintery fracture ; 
leek green and greenish white; lustre and feel 
greasy ; translucent on the edges. — In the matrass 
gives off water, and blackens. On charcoal, fuses 
with difficulty into a white glass. Fuses with borax, 
into a transparent glass; with soda, into a semi- 
tnnsparent mass. Partially fuses with solution of 
cobalt, forming a black glass. — Axe-stone is a variety 
of Jade, which differs from the above, in being of a 
darker green colour, not so transparent, nor so tough; 
and in having a slaty structure. 

582. Sp. gr. 3*0. — Amblygonite, — Occurs in rhom- 
bic prisms ; green ; semi-transparent ; reducible by 
cleavage to thin lamins. In the matrass, gives off 
water, and fluoric acid. Fuses easily on charcoal, 
into a transparent glass, which becomes opaque on 
cooling. With boracic add and iron, produces phos- 
phuret of iron. 

Family 4. Softer than Felspar — Scratch 
Fluor-spar — Scratch Window-Glass feebly. 

583. Sp. gr. 3*8. — Yenite, Lievrite.— Occurs amor- 
phous and in rhombic prisms, longitudinally stria- 
ted ; Uackish brown ; opaque ; shining semi-nve- 
tallic.— Gives off water in the matTas!&. fu^yei^ oiw 
chaFOMl into M black glass, which is TetvOieteOL Tcv^«r 
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netic by the interior flamey provided the assay be 
not heated to redness. Fuses readily with borax 
into a glass dark in colour^ and nearly opaque. 
Forms a black glass with soda, and shows traces of 
manganese on leaf platinum. 

584. Sp. gr. 3*6. — Scapolile, Pyramidal Felspar, 
Paranthine. — This mineral is very liable to decom* 
position ; so that its specific gravity and hardness 
vary much. Great confusion exists in the vaiioai 
descriptions of its subspecies, of which, according to 
Jameson, there are four : — 

a. Radiated Scapolite, Bergmannite. — Grey or 
greenish white; in distinct concretions; fibrous, ra- 
diated, and in rectangular striated prisma a^^gresa- 
ted ; shining ; translucent. Sp. gr. 2*9.-8-5. — ^Be- 
fore the blowpipe, per se, becomes white and opaaue, 
and then fuses into a blebby colourless slass. With 
borax and mic. salt, effervesces considerably, and 
fuses into a transparent glass. Forms a transparent 
glass with soda, which continues fusible when more 
flux is added. 

b. Foliated Scapolite, Wemerite, Gabronite.—* 
^^y> gi^en, and black ; massive and in octohednd 
prisms ; splendent vitreous ; translucent ; brittle. 

c» Compact Red Scapolitc-^Darkish red ; in ad- 
cular crystals, often curved ; rough ; dull ; nearly 
opaque. 

iL Elaolite, Fetstein, Natrolite. — ^Dark blue, grey, 
or brownish red; granular; massive; translucent; 
shining resinous, sometimes opalescent. Sp. gr. 9r6. 
Gelatinizes in acids when powdered^p-^ives off a 
little water in the matrass, and melts easily, with 
effervescence, on charcoal, into a blebby colourless 
^ass. 

e. Dipyrc.'— Berzelius says, this appears from its 
pyrognostic habitudes to be a true scapolite, notwith- 
standing VauqueMii'a analysis. 

586. Sp. gy. a-a.— SoKUlc, IdKCAisiar Pyroxene, 
JVIalacolite, Vaxkt^y ol k\veAfc-— ik3ii«"$toijwiisEii in 
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priematic crystals; structure distinctly laminar; 
cleavage three-fold; greenish grey; often translu- 
cent; splendent. — ^Alone, it intumesces, and melts 
into a transparent colourless glass. With horax; 
fiises easily into a transparent glass. Intumesces 
with a small portion of soda, and fuses into a clear 
glass. If more soda is added in small quantities, 
at each addition, fusion is preceded by intumes- 
cence, and the assay becomes opaque and less fusible. 

586. Sp. gr. 3'3. — Augite, Pyroxene. — Prevailing 
colour dark green ; crystallized, amorphous, and in 
srains; often nearly opaaue; found in volcanic and 
basaltic rocks. Before tne blowpine, melts into a 
black enamel with extreme difficulty, and only in 
minute portions ; this property distinguishes it from 
hornblende, which it much resembles in appear- 
ance. 

h. Diopside, Mussite, Alalite, Variety of Augite 
passing into Sahlite. — In crystals ; prismatic ; green ; 
translucent; shining; longitudinally striated; Some- 
times in groups, diverging or straight — ^Behaves 
much like SahHte before the browpipe. 

587. Sp. gr. 3*3. — Common Hornblende, Amphi- 
bole.— Amorphous, sometimes in flat six-sided pris- 
matic crystals ; colour greenish black ; fracture crys- 
talline,, exhibiting fibres confusedly aggregated; 
opaque when bla(£ ; translucent on tne ec^es when 
green ; lustre shining yearly ; powder green ; exhales 
a bitter smell when moistened. — Before the blowpipe, 
melts with great ease into a blackish coloured ^lass. 

588. Sp. gr. 3*3. — Common Actynolitey Actmote, 
considerated a pure variety of Amphibole or Horn- 
blende. — Leek green ; in wedge-shaped concretions, 
composed of adcular prisms ; fracture fibrous and 
Bcopiform (often very finely so) ; singularly harsh to 
the touch ; translucent ; shining silky ; — Melts into 
a greenish grey glass. 

b. Glassy Actynolite is the variety that occox^ V(\ 
adcular crystals, with a grass greem cc^iovsct, «:cv^ ^ 
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shining yitreous lustre. — ^When the cryitala are ex- 
tremely minute^ it passes into 

c. Ashestous Actynolite, which approaches very 
nearly to the state of amianthus. It is softer than 
the other varieties, of a greenish hrown colour, and 
the fihres are particularly distinct. It melts before 
the blowpipe into a black or grey scoria. 

d. Actynolite sometimes occurs granular. 

589. 8p. gr. 3*1 — Hornblende Slate. — Occurs in 
beds, in clay state, and is very common; colour 
from ^;reenisn to raven black ; massive ; internal lus- 
tre shming pearly. — Fracture, in the great dLaty, in 
the small promiscuous radiated. 

590. Sp. gr. 3*1. — Smaragdiie, Bright Green Dial- 
lage. — ^Bright emerald green ; lustre glistening silky; 
feebly translucent ; massive and disseminated ; struc- 
ture fibrous laminar ; scarcely so hard as glass. — Fu- 
sible into a grey or greenish enamel. 

591. Sp. gr. 3*0. — Basalt. — Occurs amorphous, co- 
lumnar, in thick concentric lamellar concretions, 
vesicular, and amygdaloidal ; greyish and blueish 
black; texture fine grained, composed of minute 
grains or crystals; the compact varieties pass into 
clinkstone, the granular into greenstone ; fracture 

*" somewhat conchoidal ; dull andopaque ; breaks with 
difficulty, hilt yields to the knife. — ^Easily melts be- 
fore the blowpipe into a black glass. 

Family 5. Scratched by Fluor-spar. 

592. Sp. gr. 4*5. — Sulphate ofBarytes, Heavy spar, 
Baroselenite, Ponderous Spar. — Occurs in veuu, 
massive and crystallized; structure lamellar, with 
joints parallel to the faces of a right rhomboidal 
prism ; prevailing colour grejrish or yellowish white, 
sometime inclining to red or blue ; m>m transparent 
to opaque; lustre shining pearly or vitreous; fta- 
giie ; harder than carbonate of Ume, but less hard 
mtLTi fluor-spar ; Teiiac^ta doubly in a particular di- 
r^ction,«^So\ub\e m no ^iddi \rax ^<b ^^huric, and 
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preci|tttated from that by water. Before the hlow- 
pipe^ decrepitates with ^olence^ and by the conti- 
nuance of a strong heat^ melts into a hard white 
enamel. In the interior blue flame^ it fiises and de- 
composes, forming sulphuret of barytes, which ex- 
hales a slight hepatic odour when moistened, or when 
laid on the tongue gives the flavour of sulphuretted 
hydrogen gas or of putrid ^gs. 

a. Crystallized Sulphate of Barytes, Lamellar 
Heavy Spar. — The most common forms are, the oc- 
tohedron with cunieform summits, the four or six- 
sided prism, the hexangular table with bevelled edges; 
often large; transparent; shining vitreous. 

b. Columnar Heavy Spar, Stid^ Spar. — ^Rhombic 
prisms, aggregated into columns; greenish white; 
translucent; shining pearly ; structure lamellar. 

c. Fibrous Heavy Spar. — ^Botryoidal or reniform 
masses; structure fibrous; shining resinous; ches- 
nut brown ; nearly opaque ; brittle. 

d. Radiated Sulphate of Barytes, Bolognian Stone. 
— Globular masses, rough extermdly ; composed of 
minute fibrous crystals diverging from a centre ; in- 
ternally grey ; shining ; translucent on the edges ; 
soft; fra^enta weci^e-shaped ; remarkably phos- 
phorescent when heated. 

e. Granular Heavy Spar. — Occurs in masses com- 
posed of small grains, which have a lamellar struc- 
ture ; glistening ; blueish white. 

JlCawk. — Massive; fracture coarse earthy; opaque; 
nearly dull ; white with a tinge of yellow or red ; 
soft ; brittle. Sp. gr. 4*8. — Onen containing small 
veins of galena. 

g. Earthy Sulphate of Barytes. — Dull or glimmer- 
ing particles, which cohere very slightly, and are 
meagre to the touch and heavy. 

A. Foetid Sulphate of Barytes, Hepatite. — Occurs 
in globular masses which have a lamellar or radiated 
structure ; yellow, brown, or black ; yields a tc&U^k 
odour when rubbed or heated. 
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593. Sp. er. 4-3. — Carbonate of Barytes, Withe- 
rite. Soluble in acids. See 554. 

594. ^. gr. 4*0. — 3*6. — Sulphate ofStroKtian, Ge- 
lestine. — Oanm massive and cryttaDised; primitiye 
form a right rhomboidal prism ; stnictnre lamellar; 

Srevailins colour ^white^ inclining to yellow^ red, w 
elicate blue; translucent or transparent; shimng 
pearly or resinous lustre ; refracts douoly ; harder than 
neavy spar; scratches calcareous spar; softer than 
fluor-spar.— -Its most remarkable character is the 
rose-red odour which it communicates to flame— 
thus^ if a little spirits of wine be inflamed and pul- 
verised strontian ore (either sulphate or carbonate) 
be added by degrees^ a fine red flame will be pro- 
duced. By a similar process borytes yieLds a yellow 
flame. Before the blowpipe^ exposed to the outer 
flame^ it decrepitates ana melts mto a milky white 
enamel^ which^ in the inner flame^ spreads about^ 
decomposes, becomes infusible, and produces a hepa- 
tic mass. When this mass is cold, it exhales the 
odour of rotten eggs, and has a peculiar hepatic and 
acrid taste. On platinum foil, with muriatic add, it 
partiaUy dissolves, producing a solution which on 
evaporation to dryness yields a salt. If this adt is 
laid on a piece of paper wetted with alcohol and set 
on fire, the flame near the salt will be tinged red. 
Efiervesces with borax, and melts into a transparent 
glass which becomes brown or yellow on cooling. 

595. Sp. gr. 3*7. — Carbonate of Sirontian^Sohi' 
ble in acids. See 555. 

596. Sp. OT. S-S. — Apatite, Phosphate of lime.^- 
There are three varieties of this mineral : — 

a. Foliated Apatite, Phosphorite of Kirwan, Crys- 
tallized Phosphate of Lime. — Prevailing colour 
white, passing to yellow, red, green, or blue ; often 
several colours occur in the same specimen. Some- 
times massive, and in lamellar distinct concretioDS ; 
generally cry&taWized vw ux-sided prisms whidi are 
short, truncated, sti\%XA^>ti«si«V\\R«DLX>«DA^^ 
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resinous ; electric by heat and friction ; softer than 
fluor spar^ but harder than calcareous spar. When 
thrown on glowing coals, emits a pale green phos- 
phoric light. Dissolves very slowly and without 
effervescence in nitric acid. 

b» Conchoidal Apatite, Asparagus Stone, Morox- 
ite. — Prevailing colours sreen and blue ; occurs 
massive and in granular distinct concretions; but 
generally in long six-sided prisms with pyramids ; 
splendent vitreous externally; shining resinous in- 
ternally; fracture conchoidal; sometimes does not 
phosphoresce with heat. — Before the blowpipe, a so- 
lid fragment remains unaltered, but a spangle, in a 
very strong heat, fuses on the edges into a colour- 
less transparent glass. Apatite is one of the most 
difficultly fusible minerals; indeed, mineralogists 
generally, but erroneously, say that it is infusible. 
Melts slowly with borax into a clear glass, which is 
rendered milk white by flaming; or, if the flux is 
saturated with the assay, becomes opaque on cooling. 
Fuses in large quantity with mic. salt, and forms a 
dear glass which crystallizes on cooling. Effervesces 
and hoils with soda; the flux then sinks into the 
charcoal, and leaves a white mass. 

c. Phosphorite. — Divided into two kinds: — 1. 
Common Phosphorite, Massive Apatite. Colour grey- 
ish and yellowish white; massive and in distinct 
concretions which are thin curved lamellar ; surface 
uneven and drusy ; dull or glistening ; fracture un- 
even; cleavage noriform; opaque. When rubbed 
in an iron mortar, or pulverized and thrown on 
glowing coals, it emits a green-coloured phosphoric 
Sght. — In the matrass, yields a little water ; after- 
wards behaves before the blowpipe like the preced- 
ing; but it is more easily fusible per se, forming a 
white enameL — ^2. Earthy Phosphorite. Greenish 

frey ; consists of dull dusty particles, which cohere 
ut loosely, soil slightly, and feel meagre. It phos- 
phoresces when laid on glowing coals 

T 2 
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597. Sp. gr. S'2. — Fbtorspar, Fhiate of Lime.— 
Occurs in metallic veiDs, amorphous and cryBtailized; 
colours violet blue, emerald green^ yellow, and va- 
rious ; frequently clear and bright ; of difierent de- 

Srees of transparency and lustre ; considerably bar- 
er than calcareous spar, but not hard enough to 
scratch glass ; when placed on a hot iron, it emits a 
blue or greenish light — ^Alone, in the matrass, gently 
heated, exhibits a greenish li^t in the dark ; heated 
power^iUy, it decrepitates violently and yields some 
water. On charcoal, in a good heat, it fuses into an 
opaque globule. Melts with borax and mic salt 
into a dear glass which becomes opaque when satu- 
rated to a certain extent With soda, fuses into a 
transparent glass which subsequently becomes an 
■ enamel : — 

a. Crvstallized Fluor. Occurs in aggr^ated cubes 
generally modified ; the primitive form^ the octobe- 
dron, can be obtained by cleavage ; general cdlonrs 
purple and green ; splendent and transparent; dten 
very beautiful. — Chlorophane is a variety of crystal- 
lized fluor. 

b. Massive Fluor, Blue John. Nodulous and kid- 
ney-shaped ; structure crystalline fibrous diverging; 
colours purple and yellowish white in concentric 
zones. 

c. Compact Fluor. Has a flat oonchoidal or splin- 
tery fracture; is harder than common fluor, and 
translucent ; but the lustre and colours are faint 

d. Earthy Fluor. Occurs pulverulent and encms- 
ting. 

G^NUS 2. Specific Gravity less than 3*0., 

BUT MORE THAN 2*5. 

598. This Grenus is divided into four Families:— 

Family 1. Hardness rather exceeding' that oj 
Quartz, or nearly tlie same — Not scratched by 
Quari'4 — Scrotcli Felspar. 
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" Family 2. Hardness about equal to thai of Felspar 
— Scratched by Quartz^-^Scraich Window-gtass 
with ease. 

Family 3. Softer than Felspar — Harder than 
Fluor-spar. 

Family 4. Scratched by Fluor-spar. 

Family 1. Hardness rather exceeding that 
qf QuartZy or nearly the same — Not scratch" 
ed by Quartz — Scratch Fhior-spar. 

599. Sp. gr. 2*T. — Emerald. — This beautiful mi- 
neral is cnaracterized by its pure vivid green coloiu*^ 
commonly called ^emerald-green ; occurs c^stallised 
in low six-sided prisms^ sometimes truncated on the 
edges or angles; cross fracture conchoidal; lustre 
vitreous splendent ; refracts doubly ; transparent or 
translucent — ^Alone^ before the blowpipe^ a ^ntle 
heat produces no change. If a strong lieat is ap- 
plied for a considerable length of time to a thin 
scale, it becomes rounded on the edges, and forms a 
whitish frothy ^lass. The transparent varieties be- 
come milk white when the heat is concentrated. 
With borax it melts into a diaphanous glass, some- 
times free from colour, sometimes having a fine pale 
pleasant green tinge. With mic. salt, fuses slowly 
but perfectly, leaving no skeleton of silica. The 
chrome-green emerald affords a green glass. Fuses 
with soda into a transparent colourless glass. The 
yellowish emerald witn a granular fracture, gives, in 
the reducing experiment, traces of tin. Produces 
with the solution of cobalt, an impure slightly blue- 
ish colour. 

600. Sp. gr. 2*6. — Beryl, Aquamarine, a Variety 
of Emerald. — ^The colour of the beryl is paler than 
that of the emerald, and the prisms are longer and 
frequently larger; it is also harder, and more readify 
yields to cleavage. — ^Before the blowpipe, it be.b».\^:^ 
tike the emerald. 
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601. Sp. gr. 2*6. — lolite, Dichroite^ Sapphir 
cVEau^ Pelium, Peliome, Steinheilite. — Colour aeep 
violet, but when 'viewed by transmitted light at right 
angles to the axis of the prism, yellowish brown ; 
occurs amorphous and in six-sided prisms ; fracture 
conchoidal; shining vitreous lustre; translucent to 
opaque ; sometimes doubly refractive, and electric by 
rubbing. — ^Before the blowpipe, alone, at a low heat, 
no change occurs ; in a strong heat, slowly melts on 
the edges into a glass which is not frothy ; the as- 
say retaining its original colour and decree of trans- 
parency. Fuses into a clear glass with ooraK. With 
soda no solution is effected ; a small portion of this 
flux produces a dark grey glassy scoria. 

602. Sp. gr. 2*7. — Adularia, Moonstone, a varietj 
of Felspar. — Prevailing colour greenish or ereyisn 
white; splendent pearly lustre ;nighly transmoent; 
is the hardest and purest variety of felspar ; ocean 
massive and crystallized in pnsms ; structure dis- 
tinctly laminar; yields to mechanical cleavage; when 
cut in a rounded form and polished, presents beauti- 
ful chatoyant pearly reflections. — In the matrass, fd- 
spar yields no water if transparent; but a large 
quantity is given out from the mterstices of cracked 
opaque felspar. On charcoal, alone, in a bright heat, 
it turns glassy, whitish, and semi-transparent; and 
with great difficulty melts on the edges into a translu- 
cent frothy glass or enamel. Fuses with borax into 
a clear glass, but slowly and quietly. If pulverised 
and mixed with mic. salt, it yields a globule which 
becomes opaline on cooling, leavins a skeleton of si- 
lica. Effervesces with so£i, and slowly melts, giv- 
ing a glass, which is transparent, but rarelj nee 
from blebs. Gains a blue colour from solution of 
cobalt, but merely upon the fused edges. 

603. Sp. gr. 2*5. — Colophonite, a variety of Garnet. 
— Yellowish, reddish, and blackish brown; lus- 
tre resinous; occurs amorphous, and in four-sided 

prisms; translucent*, Nei^j e^^V^ iTWv^lble.-— Before 
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the blowpipe^ fuses very easily into a black-coloured 
bead. With borax it melts into a yellowish glass. 

Family 2. Hardness about equal to that of 
Felspar — Scratched by Quartz — Scratch 
Window-glass with ease* 

604. Sp. gr. 2-9 — ^2*6. — Prehnite, one of the Zeo- 
lites. — Prevailing colour pale green ; occurs in botry- 
oidal or globular concretions ; fracture finely radi- 
ated fibrous ; found also in low six-sided pyramids^ 
or tables^ often in radiated groups^ lustre pearly 
shining^ more or less transparent. Becomes electric 
by heat. Very plentiful in the trap rocks near 
Glasgow. A yariety^ in small transparent rhombic 
tables^ is called Koupholite. — Gives off a little water 
in the matrass, but preserves its transparency until^ 
by exposure to a high temperature^ it intumesces and 
begins to fuse. Specimens of Koupholite, which, 
by exposure to the air in mineralogical collections, 
have ^ot their pores filled by dust, become blackisli 
and sive out an empyreumatic odour. The crystal- 
line lamine, however, recover their transparency 
and melt into a blebby white glass. Fuses with 
borax into a clear glass, which, if saturated, becomes 
turbid and nearly infusible. With soda forms a 
semi-vitreous scona. 

605. Sp. gr. 2*6. — Felspar. — One of the most 
abundant of simple minerals, being the principal 
constituent of granite. Occurs massive and crystal- 
lized in prisms. Structure lamellar, with joints in 
two directions, at right angles to each other. — For 
its pyrognostic habitudes, see Adularia (602). 

a. Common Felspar. Crystallized, massive, dis- 
seminated ; lustre on the natural joints shining, be- 
tween vitreous and pearly; cross fracture uneven, 
glimmering; prevailing colours white and red; more 
or less tranducent. — Albite or CleavelandiU Ss.'^^vxs^ 
ety of Common Felspar. Its colout^ «i^ ^e^v^ 
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white or dingy red, and its itnictiire Imad proni»- 
cuoiu fibroii& 

h. Labrador Felspar^ Opalescent Felspar. Foond 
in rolled masses, never crystalliied ; structure curved 
lamellar ; smoke grev colour^ but ezhibitSy by reflec- 
tion, a rich play of yellow, blue^ and red oolonrsy 
with a splendent semi-metallic lustre; translucent. 

c. Glaissy Felspar. In embedded crystals^ whicb 
appear as if cracked in many places; semi-trans- 
parenl; greyish white; lustre ^lendent vitreous; 
softer than common felspar. 

e06. Sp. gr. ^-o. — Petalite, — ^Nearly resembles 
quartz ; white with a tinge of purple; translucent; 
coarsely fibrous structure ; a rare mineraL — Behaves 
before the blowpipe like felspar. 

607. Sp. gr. 2-5. — Porcelain Jasper, ParceHanite. 
— Occurs massive ; structure slaty ; presents various 
shades of blue^ grey, red, and yellow, clouded and 
spotted ; fracture smooth glistening ; resembles s 
semi- vitrified brick ; opaque. — Before the blowpipe, 
melts into a spongy yellowish-white semi-transparent 
mass. All the otner varieties of jasper are infusible. 

Family 3. Softer than Felspar — Harder than 
Fluor-spar, 

608. Sp. gr. S-O.-^Daiholite, Borate of Lime, Bo- 
tryolite.---Greyish or greenish white; translucent; 
massive, and in rhombic prisms truncated on the 
edges and angles; lustre shining vitreous. Botryolite 
occurs in botryoidal concretions, which have a la- 
mellar concentric structure, and are compos'^ of 
delicate radiated fibres. Gelatinizes with acids. Be- 
comes soft, white, and opaque in the flame of t 
candle. — In the matrass, gives off a little water. 
Before the blowpipe on charcoal, intumesces like 
borax, and melts into a clear glass, with a pale rose 
or green colour. Acts in a similar manner with 
/x>rax. Gives, yiilYi ^\w.\\ow of cobalt, an opaqne 
hluc glass. — Expt. ^/loV&Vjeu^'fcY^^i^sKt^ thiamine- 
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with muriatic acid, and let it dry on a slip of 
Q paper; then wet the paper with alcohol and 

it on fire, — ^the flame, towards the end of the 
dbustion, will be tinged green. 
109. Sp. gr. 2-9.— 2-6. — Wakke. Wack^.-~Massive, 
ler solid, cellular, or amygdaloidal; greenish grey; 
I; earthy; opaque; greasy to the touch; gives 
. an argillaceous odour when breathed upon. — 
Tore the blowpipe, melts into a greenish porous 

u Iron Clay. This may be considered a variety 
the above. Colour reddish brown ; usually cel- 
ir or amygdaloidal; easily frangible. Agrees 
h Wakke in other respects. 

10. Sp. gr. 2*9. — Tabular Spar. — Massive and in 
imatic concretions ; white ; shining pearly ; often 
ble ; phosphorescent when scratched by a knife, 
erveeoes quickly when dropped in nitric acid, and 
n falls into powder. — ^Alone, before the blowpipe 
charcoal, melts on the edge into a semi-transpa- 
t odourless glass. In a very strong heat, com- 
te Aislon takes place. 

11. Sp. gr. 2*9. — 2'5. — Boracite, Borate of Magne- 
— ^Occurs in solitary crystals ; form, the cube and 
rarieties; greyish or greenish white ; translucent ; 
mdent vitreous; pjro-electric, the solid angles 
{onally opposite bemg one positive the other ne- 
ve. — betore the blowpipe, alone, on charcoal 
imesoes and fuses, the globule is yellowish and 
iipazent while hot, but appears white and opaque 
»oling, from its surface being bristled over with 
He-formed crystals. Forms with borax a transpa- 
; fflass tinged by iron. With a small quantity 
o2a fusion ensues, and the assay, when cooling, 
18 crystals with broad facets as perfect as those 
hotpliate of lead. If the experiment with Datho- 

^OMcribed above,) be repeated with Boracite, 
r It has been decomposed by soda on €hacc»«.\) 
nilar green flame will be produced. 
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G12. Sp. gr. 2*9. — Arragonite, — Soluble in Muriatic 
Acid, see 551. 

613. Sp. gr. 2*8. — LepidolUe, Scale-stone. — Con- 
sists of numerous small scales, or hexagonal plates, 
aggregated into a mass ; lUac purple or pearl grey ; 
lustre shiniug ; translucent ; imCtuous ; may be cut 
with a knife. — In the matrass, alone, gives off water 
loaded with fluoric acid. Intumesces on charcoal, 
and easily melts into a transparent colourless blebby 
globide. Fuses readily and largely into a transpt- 
rent glass with borax. Produces a hlue colour when 
fused with solution of cobalt. 

614. Sp. gr. 2*8. — Ixipis Laxuli, Lazuli te. Ultra- 
marine Stone. — Colour bright azure blue, frequently 
with white spots and veins of yellow pyrites ; gene- 
rally massive ; nearly opaque ; possesses little lustre ; 
has a fine grained fracture : effervesces a little with 
acids, and, if previously calcined, gelatinizes. — ^Be- 
fore the blowpipe it melts into a blackish mass, 
which, at a high temperature, forms a white enamel. 

b. Azurite, False LazuHte. — Indigo blue ; massiTe, 
in oblique prisms ; laminar ; opaque. — ^Very difficuldy 
and but partially fusible, alone, into a wnitish glass 
with blue and green spots ; a mineral of little im- 
portance. 

615. Sp. gr. 2*7. — NovacuUte, Whetslate, Hone, 
Turkey-stone. — Greenish or yellowish grey; mas- 
sive ; slaty ; dull ; greasy ; is a compact variety of 
clay-slate, used for sharpening steel instruments.— 
Before the blowpipe it becomes white, and acquires 
a vitreous glazing. 

616. Sp. gr. 2-7. — Chahasie, Chabasite, oneoftbe 
Zeolites. — Occurs crystallized in obtuse rhomboids, 
in the cavities of basaltic amygdaloid ; white or 
greyish, pale red superficially ; highly translucent; 
splendent vitreous ; scratches glass feebly. — ^Alone, 
before the blowpipe, it melts, with little ebuUition, 
into a white si^uf^ c^n^mel. 

6*17. Sp. gr. Si'G. — CUnlcrtQfac*— QoBMfL massive, 
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columnar^ or with a thick slaty stmcture; gives a 
ringing metallic sound when struck with a hammer; 
dark greenish grey ; glimmering ; nearlv opaque ; . 
fracture splintery. — ^Before the blowpipe^ fuses easily 
into a glass nearly colourless. 

618. Sp. gr. g'6. — Elaolite. — ^A variety of Scapo- 
lite^ of low specific gravity. See 584^ d. 

619. Sp. gr. 2*6. — Meionite. — Occurs in groups of 
small crystals ; form^ a four-sided prism terminated 
by tetrahedral pyramids^ of whicn the edges are 
generally truncated; structure laminar^ with a rec- 
tangular cleavage; white; transparent; shining 
vitreous; smooth. — ^Alone^ before the blowpipe^ a 
thin splinter foams at its extremities^ after which 
the whole mass bubbles considerably and for a long 
iime> producing in the end a colourless blebby glass. 
Melts slowly with borax^ with considerable effer- 
vescence^ into a clear glass. Intumesces with soda^ 
of which a large dose is requisite^ and forms a glass 
which is opaque on one side^ but in the end becomes 
transparent. 

Family 4. Scratched by Fluorspar, 

620. Sp. gr. 2*9. — Cryolite. — Occurs in lamellar 
masses^ colour greyish white or brown; glistening 
vitreous ; translucent ; transparent when immersed 
m water; melts in the flame of a candle; rare. — 
Before the blowpine it at first runs into a very liquid 
jl^sion^ then haraens^ and at length assumes the 
appearance of a slag. 

621. Sp. gr. 2'9. — Anhydrite, Anhydrous Gypsum. 
«-Of this mineral there are several varieties; the 
pyroffnosjic characters of which are as follows : — 
Yield no moisture in the matrass ; melt difficultly^ 
in the oxidating flame, into a white enamel, when 
held in the forceps. On charcoal, decompose in a 
good reducing flame ; after which they act on brazil- 
wood paper as alkalies, and when moistened^ eidva.Vb 
th« odour of liver of sulphur. Effervesce VV(Vv >qo- 

u 
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Trii.slucen: : ghiriia^ : pearly: brittle. — Intheica- 
iT'Ahi. yields i^aitr and fluoric acid. Alone, on 
charcoal, before the blowpipe, inturaesces, whitens, 
and slowly fus.-s into a brown opaque glass ; with 
lx>rax fuses into a transparent glass, which possesses 
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tile colour of manganese in the extericnr flame^ but 
turns green in the interior. 

624. Sp. gr. 2'S. — Polykcdlite, — ^Amorphous ; com- 
pact, colourless, and transparent ; or curved lamellar 
tibrous, with a brick red colour and translucent; brit- 
tle. — In the flame of a common candle it immediately 
becomes an opaque brown mass. In the matrass, 
gives off water and loses its colour. On charcoal 
melts into an opaque reddish globule, which in 
the inner flame, whitens, congeals, and leaves an 
empty shelL The globule has a saline and hepatic 
taste. 

625. Sp. gr. 2-8.— 2-6.— CAfonYe, Talc Chlorite.— 
Green is the prevailing colour, varying from dark 
green to light greyish green, and generally dull; 
occurs crystallized, amorphous, and in microscopic 
hexagonal scales or prisms ; opaque ; lustre shining 
pearly; soft; unctuous. — In the matrass, gives off 
water, and (when the glass begins to fuse) fluoric 
acid, known by its turning brazQ-wood paper yellow, 
and depositing silica on the glass. On charcoal, 
alone, melts into a hiack gbbule with a dull surface. 
Gives a dark green ^ass with borax. Decomposes 
with mic. salt, forming a glass tinged by iron, and 
leaving a silica skeleton. Does not fuse with soda, 
nor intumesoe, yet the edges of the assay become 
rounded. 

a. £arthy Chlorite. Occurs in friable or loosely 
adhering grains ; imbedded or encrusting. 

b. Common Chlorite. Essentially the same as a, 
but the grains cohere more firmly ; glistening. 

X, Chlorite Slate. Occurs in beds; structure slaty; 
g^tenin^ ; resinous. 

d. Fohated Chlorite. Occurs crystallized in flat 
six-sided prisms, which are readily divisible into 
hexasonal curved laminae ; lustre shining resinous ; 
tranwicent on the edges ; the crystals often grouped 
in conical masses. 

€• White Silvery Chlorite. Pearly greenish-white 
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scales^ which occur in maasei, hot adhere bo sli^tly 
that they may he separated with the finger. 

f. Green Earth. Found in ^oholar massea or 
lining the cavities of amygdaloid; fimctore earthy; 
colour lively blueish green ; dull; streak gUstenin^; 
soft ; unctuous ; light. 

626. Sp. gr.'^S-T. — Micos — ^Thia mineral ia chano- 
terized by the facility with which it divides into 
extremely thin smooth shining j^tes or ]aminc> 
which are transparent^ flexible^ and highly elastic; 
occurs in masses^ rarely in tabular crystals, and 
abundantly disseminated in grains ; colours various; 
lustre shining^ often pseudo-metallic; scratched by 
the knife^ but the edges scratch glass ; smooth bat 
not unctuous. — Mica from different localities, difes 
considerably in its pyrognostic characters; but it may 
be said^ in general, to be difficultly fusible before 
the blowpipe into a grey enameL 

627. Sp. gr. 2*7. — Soapstone. — Colour grey, mottled 
with duU purple ; massive ; commonly describe as 
a variety of steatite (712^, which it much resemUes, 
but it is much softer ; indeed, when first raised it 
may be kneaded like dough, but it becomes huder 
on exposure to air ; it cracks and falls to pieces in 
hot water. — Before the blowpipe, it fuses into a 
white and somewhat translucent enameL 

628. Sp. gr. ^'Q.-^Clay-SUUe, Argillaceous Schis- 
tus. — Occurs massive; structtu-e slaty; fracture com- 
pact; prevailing colours blueish and greenish grey; 
glimmering or glistening ; generallv opaaue; does not 
adhere to the tongue. — Fuses before tne blowpipe 
into a black slag. Roofing slates, slates for writing 
on, and pencils for writing with, are varieties of this 
mineral. 

629. Sp. gr. 2-6.— 5'Aafe, Slate-Clay.— -Massive ; 
slaty; grey; dull; opaque; meagre; brittle; dis- 
integrates on exposure to the air, and by d^;ree8 be- 
comes plastic. — -FueiiVAe m\A «u iUig. 

b* Kottensioxie appeax^ to >De dd2awii\a»3i% ^hale ; 
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it is dirty grey ; dull; earthy; soft; meagre; and 
foetid when rubbed oi* scraped. 

630. Sp. gr. 2-5.— iS'crpen/»iMf.--Although this is 
usually classed as a simple mineral, the great varia- 
tion in the composition of the rocks to which the 
term is applied, shows that it is an indefinite earthy 
compound. There are two varieties : — 

a. Noble Serpentine, Precious Serpentine. Occurs 
massive; fracture splintery, passing mto conchoidal; 
colour yellowish green, uniform throughout ; trans- 
lucent ; glistening ; unctuous ; soft ; sectile. — In the 
matrass, gives ofi^ water and turns black. On char- 
coal, turns white, and in a good heat, melts on the 
thin edses into an enamel. Slowly melts wit^ borax 
into a clear glass coloured green. Gives a red colour 
with solution of cobalt. 

b. Common Serpentine, Serpentine Rock. Dif- 
fers from the preceding in being less pure ; colours 
fireen, red, and various, intermixed in stripes, 
dots, &c. ; generally opaque and dull; structure 
compact; hardness extremely variable; sometimes 
magnetic. — ^Before the blowpipe, it behaves like the 
preceding. 



GfNUS 3. SPfCIFIC GRA.VITY LESS THAN 2'5., 

BUT MORE THAN 2*0. 

631. This Genus is divided into two Families ; — 

Family 1. Scratched by Felspar. — Scratch Win" 

doW'glass and Fhwr^spar. 
IPhMiLY 2. Softer than Fluor-spar. 

Family 1. Scratched hy Felspar — Scratch 
Window-glass and Fluor-spar. 

632. So. gr. ^'b.-^ApophyUite, Fish-eye-stone, 
Idithyopnthalmite.— Occurs in square prisnv^oi n^- 
rious heights; when tebular, ihey we ^\fcw Q.^\i^ 

u 2 
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-:.:.;. ^■:- zr. i^i. — Pi'::r\.Kje%i. Peariv Obsidian.— 
C'-iTin :z zLLfies :•: zic-bulAr concretioiis. which ire 
XT.-rt:«scii •:: :hiz cccce:::r:c lazninc ; surface of the 
vyr-cT-iiv-- sznx'th, shining, pearlv: colour prey; 
trar.slucirr:: on the etiges ; almost jriable ; scarcely 
y.ratchvh jjlass- — Before the blowpipe, it first swcUs, 
Hpli u, ami \ieccjn\cs v\i\U: aVa^^, witn some difficulty^ 
//J cits into a wbiUbVi (loOlKi^ ^asb. 
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636. Sp. gr. 2'S.'^Pitchstone, Retinite.— Thk sub- 
stance bears a striking resemblance to pitch ; occurs 
tiaassive and in prismatic and curved lamellar concre- 
tions ; structure sometimes slaty ; fracture imperfect- 
ly conchoidal ; colours various shades of grey^ green^ 
blue and blacky muddy ; lustre shining^ resinous or 
pitchy; translucent on the edges. — Fusible b^ore 
the blowpipe^ into a grey frothy enameL 

637. Sp. gr. ^rS. — Nepheline, Sommite. — Occurs 
in small six-sided prisms^ in lava ; cglour white ; 
translucent; splendent; four cleavages; fracture 
conchoidal; when immersed in nitric acid^ it be- 
comes clouded and afterwards gelatinizes.-— Before 
the blowpipe^ on charcoal^ its e^es become round- 
ed^ and tnough it cannot be fused into a globule^ it 
gives a blebby colourless glass. Melts with borax^ 
quietly and slowly^ into a transparent colourless glass. 

638. Sp. gr. 2*3. — Analcime, Cubicite, Cubic Zeo- 
lite. — ^Occurs in the cavities of basaltic rocks^ in small 
cubic or garnet-shaped crystals^ generally aggregat- 
ed ; pale grey; transparent or translucent; uiining 
pearly ; becomes feebly electric by rubbing. — In the 
matrass^ yields water and turns white. On charcoal^ 
in a strong heat^ becomes transparent^ and melts 
without intumescence^ into a diaphanous glass^ 
sightly blebby. Fuses with borax^ with much 
difficulty^ even in powder; forms a transparent glass^ 
and leaves an opaque concrete residuum. Gives a 
transparent glass with soda^ and a blue glass with 
solution of cobalt 

639. Sp. gr. 2'2.Stilbite, Radiated Zeolite.— 
Occurs in masses composed of prismatic crystals^ 
grouped in bundles, or diverging like a fan ; or in 
masses of laminae closely adhering ; colours white, 
grey, and brown ; transparent ; tranducent ; remark- 
ably splendent pearly lustre ; hardness variable ; 
sweUs in acids, but does not gelatinize. — Behaves 
before the blowpipe like Prehnite, see 604,\raxeai!iX& 
a phosj^aric U^t during its mtameaceii^. 
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b. Heulandite^ Foliated Zeolite. This mineral 
has generally been considered a Yariety of Stilbite. 
Occurs in prisms and in globular concretions ; lustre 
pearly and very splendent; yellowish white and 
brownish red; translucent. — ^Before the blowpipe^ 
it mdts with intumescence^ during which it emits a 
phosphoric light. 

6 iO. Sp. gr. 2*2. — Laumonite, Efflorescent Zeohte. 
— Occurs in a^egated crystalline masses^ deeply 
radiated; greyiSi white; glistening pearly; hard- 
ness variable; effloresces, and becomes opaaue and 
tender on exposure to air; dissolves rapialy and 
gelatinizes in muriatic add. — ^Behaves before the 
blowpipe like Prehnite, see 604, but first forms a 
white globule of enamel, which ultimately becomes 
a blebby translucent glass. ■ 

641. Sp. gr. 2*2. — Mesotype, Needle ZeoUte, 
Needle-stone. — There are seversd varieties of this 
mineral, the pyrognostic characters of which are is 
follows : — In the matrass, alone, yields water. On 
charcoal, radiated mesotype expands longitudinally, 
and twists itself up like a screw, while we compact 
variety intumesoes, after which both melt into a 
blebby colourless glass. The variety in large crystals 
neither intumesces nor expands ; but first becomes 
opaque and then vitrifies. Melts with great difflcol- 
ty with borax, into a transparent colourless glsss. 
Decomooses readily with mic. salt, producing a 
glass which becomes opaline on cooling, and leavmg 
a skeleton of silica. 

a. Crystallized Mesotype. Primitive form, a rec- 
tangular prism ; secondary form, a long four-skkd 
prism, terminated by low four-aided pyramids; 
structure lamellar ; colour white, sometimes incline 
ing to yellow, green, or red ; transparent ; shining 
pearly. Electric by heat. Grelatinizes in adds. 

b. Fibrous Mesotype, Radiated Needlestone. Oc- 
curs in globulax consxetAox^, conv^^osed of diverging 
or stellular cryata\& ox %iV»ceift, ^\a^ vt% ^M»Att tna 
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acicular^ or flat and broad ; sometimies found in dis« 
tinct acicular crystals^ radiating frAn a centre^ and 
so delicate as to resemble fine cotton. These occur 
in the cavities of amygdaloid. 

The mineral called Thomsonitey is a colourless 
variety of radiated Needlestone. 

Scoie%ite seems to be nearly allied to Thomson- 
ite. 

c. Mealy Zeolite^ Pulverulent Mesotype. Occurs 
in soft^ duU^ friable masses; having an earthy frac- 
ture^ and a rough and mea^e feel ; greyish or red- 
dish white; not pyro-electnc. 

d. Mesolite. Occurs massive^ and in long and slen- 
der prisms^ terminated by quadrilateral pyramids ; 
greyish or colourless; transparent; lustre shining 
pearly. 

Family 2. Softer than Fluor-spar. 

642. Sp. gr. 2*5. — 2'0, — Common Asbestv^,'^Ma»- 
sive ; structure parallel and curved fibrous or blad- 
ed ; the fibres are coarser than those of Amianthus^ 
and scarcely fiexible ; colour dull green ; lustre pear- 
ly; glistemng; soft and unctuous. Melts before 
tne blowpipe^ more easily than Amianthus^ and forms 
a greyish black globule of enamel. 

643. Sp. gr. 2'3. — ^2«0. — Amianthus, Flexible As- 
bestus. — Occurs in very long and extremely slender 
fibres^ which are arranged parallel to each other 
and are easily separatea ; remarkably flexible and 
elastic; has the lustre and soft feel of silk ; prevail- 
ing colour greenish white; slightly translucent.-^ 
BdTore the mowpipe it phosphoresces ; and in mass^ 
18 fusible^ with great difficulty^ into a white enamel ; 
bnt^ in filaments, it is easily melted, even by the 
flame of a candle. 

644. Sp. gr. 2*1. — Ligniform Asbestus, Mountain 
Wood, VF(wd Asbestus, Rock- wood. — Occurs in 
laminae or plates, which have a promiscwow^ ^t^svs& 
stmcture hke wood ; tough ; secllAe \ TCkea^e \ ^^^ 
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fibres are flexible and elastic; ookmr wood brown. 
— Fusible into a'blaclc slag. 

645. Sp. gr. 2*3. — Gypsum, Sulphate of Lime.— 
In the matrass^ alone, giyes off water and becomes 
milky white ; after which, behaves like Anhydrite, 
see 621. — There are the following varieties of this 
mineral : — 

a. Crystallized Gypsum, Selenite. Occurs crystal- 
lized in flat oblique parallelopipedons ; cleavage easi- 
ly produces lanmue, which are thin and £xible, 
but not elastic ; colours white, yellow, and brown ; 
frequently colourless and highly transparent; lustre 
shining pearly ; very soft ; yielos to the naiL 

b. Fibrous Gypsum. Occurs massive, ooniposed 
of extremely delicate and nearly separate fibres, 
either straignt or curved ; colour white and various; 
lustre glistening pearly ; translucent; cross fracture 
lamellar, and very brilliant ; soft. A very beautiful 
mineraL 

c. Granular Gypsum. Massive, composed of an 
aggregation of small crystalline laminse, of whidi 
the structure is lamellar, strai^tor curved; some- 
times fibrous in its texture ; snining pearly ; trans- 
lucent ; very soft ; generally white. 

d. Massive Gypsum, Alabaster. Massive ; fracture 
compact, passing to splintery; glimmering; very 
soft ; translucent on the edges ; cdour white, dotted 
or veined with yellow or red. 

e. Earthy Gypsum. Earthy mass ; white ; dull ; 
friable. 

646. Sp. gr. 2-2.— Black Chalk, Drawing Slate. 
— Massive; slaty; black; dull; opaque; meagre; 
stains paper black. — ^Acquires a sup^ficud gluii^ 
and a red coloiur before the blowpipe. 

647. Sp. gr. 2'1. — Clay, — Plastic with water ; more 
or less unctuous to the touch; acquires a polish 
from the nail^ — Before the blowpipe; melts mto a 
slag, 

a. £arthy Clay, Cotmmwv "^KvdiL Ok^^ KUL^vid 
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Clay. Very plastic when pure ; less so in propor- 
tion to the sand which is mixed with it 
. b. Slaty Clay, Pipe Clay, Potters' Clay. Slaty ; 
yields to the xudl, hat is scarcely plastic until it 
disintegrates hy exposure to air. 



Genus 4. Specific Gkavity less than S^.^ 

SOME SPECIES supernatant. 

648. This Genus is not divided into Families* 
The minerals of which it is constituted are of vari- 
ous degrees of hardness ; — some species heing harder 
than fluor-spar; others extremely soft; — hut they 
are very limited in number. 

649. Sp. gr. 2'0. — ^1*2. — Bole, — Amorphous ; frac- 
ture>concnoidal and glimmering ; red and semi-trans- 
parent ; grey and translucent on the edges ; brown- 
ish black and opaque (Mountain soap) ; yields to the 
nail ; streak shining; adheres to the tongue; breaks 
down in water.^— l£lts into a slag. 

650. Sp. gr. I'd.— P^WMce.— Massive ; structure 
irregularly fibrous, with elongated cells; colour 
smoke grey; lustre shining pearly; frai^re un- 
even glistening ; translucent on the edgea; harsh to 
the touch; harder than fluor-spar, JSut yields to' 
the knife ; sometimes swims on water. — Fusible be- 
fore the blowpipe, into a dirty green blAby glass. 

651. Sp. gr. 1*7. — Fullers Earth, — Massive; green- 
ish brown ; opaque ; very soft ; dull ; fracture earthy 
uneven ; unctuous ; receives a polish from the nail ; 
in water, becomes semi-transparent, falls to pieces, 
and forms a smooth pulp. — In the matrass, yields 
water and an empyreumatic odour, becomes clear, 
and then turns brown. On charcoal, heated gradual- 
ly, it crackles ; heated suddenly, it splits with vio- 
lence; bv a continued heat, it is melted into a white 
blebby glass. Fuses, with boTa:si, mU> «k tt«ws^«««^"^ 
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colourless glass ; with soda^ into a globule of a grass 
green colour. 

b, Lemnian Earth, Sphragid. This is probably a 
variety of Fuller's earth. It is yellowish grey> with 
ochreous spots. When immersed in water^ it falls 
to pieces, evolving numerous air-bubbles. It is cu- 
rious, that no mineralogist has stated the specific 
gravity of this substance. 

QS'iL Sp. gr. l-O. — Rock-Corky a variety of Asbes- 
tus. — Massive, composed of fibres interlaced ; grey ; 
opaque ; dull ; meagre ; elastic ; tough ; yieMs to 
the nail ; often supernatant — ^Before the mowpipe, 
melts with difficulty into a white glass. 

b. Mountain Leather. This is a variety of rock- 
cork, which occurs in thin flexible plates, having 
much the appearance of leather. 



Order. S. Invisible, b^on. the Blowpipe, 

Alone. * 

653. l^is Order is divided into four Genera, as 
follows :•«- 

Genus 1. Specific Gravity less than 5*0., but 
more than 3*0. 

Genus % Specific Gravity less than 3*0., bui 
more tlian 2*5. 

Genus 3. Specific Gravity less than 2-5., but 
more than 2*0. 

Genus 4. Specific Gravity less than 2-0. — 
Some species supernatant. 

These Genera are all divided into Families, accord- 
ing to the different d^rees of hardness of die mine- 
rals which they compxeYiewd., 
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Genus 1. Specific Gkatity less than 5*0.^ 
but more than 3*0. 

654. This Genus is divided into four Families : — 

Family 1. Harder than Quartz — Scratch Quartz 
with ease. 

Family 2. Rather harder than Quartz — Scratch 
Quartz with some difficulty — Scratch Felspar 
with ease. 

Family 3. Hardness emuU to, or exceeding, that 
of Felspar — Scratched by Quartz — Scratch Win* 
dow-glass with ease. 

Family 4. Softer than Felspar^^Scratch FTuor* 
spar — Scratch WindoW'glass feebly. 

Family 1. Harder than Quartz — Scratch 
Quartz with ease. 

655. Sp. gr. 4*7. — Zircon. — In grains and small 
cr^stals^ primitive form an ol^tuse octohedron, with 
joints in two directiims ; colours various and pale ; 
translucentor transparent; refracts doubly. There 
are three varieties; the pyrognostic characters of 
which are as follow : — ^Before the blowpipe^ per se^ 
the transparent colourless Zircon suffers no chanfi;e ; 
but the rm hvadnth loses its colour^ and either be-" 
oomes perfectly limpid^ or assumes a slight tinge of 
fellow ; the brown opaque zirconite turns white and 
;et8 full of cracks ; and the blackish variety gives 
)ff some water^ becomes white^ and apparently efflo- 
resces. But of aU the varieties^ none are fusible ; 
lot even in powder or thin lamins. Zircon fuses 
readily into a clear glass with borax^ which can be 
nade opaque by flaming; with mic. salt^ it does 
lot give the least sign of fusion ; neither does it melt 
Mdth soda. On platinum foil^ it generally affords 

I trace of manganese. The varieties follow : — 
a. Hyacinth. Orange red ; lameWax %Vx>\<cVqx^ \ <scn«» 

X 
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fTactuie eonclioida], with • Titreoos lustre; lemi- 
transmrcnt. 

/f. Jarcoon. Small prismatic crystals ; transparent ; 
yellowisn, greyish or reddish smoky colour ; dso in 
round brown opaque masses. 

c. Zirconite. Prismatic crystals ; reddish hrown ; 
nearly opaque. 

656. Sp. gr. i-O.^-ComnJif m. Common Corundum, 
Adamantine Spar. — Occurs massive, in rolled pieces, 
and in hexaheural prisms often bevelled ; translucent ; 
colour often greyish green, but vaiioua and dull; 
almost as hara as diamond. — ^Before the blowpipe, 
suffers no change, per se, whether tried in powder or 
fragment ; but witn borax, melts perfectly, though 
slowly, into a diaphanous glass, not capable of being 
made opaque by naming. The powder fuses slowly 
with mic salt, into a transparent glass. It does not 
melt with soda. On account of the alumina of which 
it is composed, it forms with solution of cobah a beau- 
tiful darlc blue colour ; for this last experiment, the 
assay must be well powdered and the blast well kept 
up. These pyrognostic characters apply as well to 
the Sapphire and Ruby, as to Corundum. 

657. Sp. gr. 4-0.— Pffffw/ Corundum, Tdesia.— 
Occurs in small rolled pieces, and in cryirtals ; forms, 
a six-sided prism, or acute six-^ded single or double 
pyramids; colours various; more or fess tranqii- 
rent ; possesses double refraction.— For its pyiog- 
nostic cnaracters, see Corundum (656). There are 
two varieties : — 

a. Sapphire. The hardest substance in nature 
next to the diamond ; occurs in crystals-that readily 
cleave in one direction; cross fracture oonchoidtl; 
blue, yellow, green, or colourless. 

b. Orientid Ruby. Less hard than a, and more 
readily cleaved ; structure lamellar; ^metimes cha- 
toyant ; red, violet, or blue. 

658. Sp. gr. VOw — Emen), 9. variety of Corunduin. 
—Amorphous ; gc«.Ti>a&Kc \ cx^o<»\dAi^ua^and blue- 
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i^h grey; aspect like that of a fine grained rock; 
lustre |;listening; translucent on the edges. — ^Be- 
haves like Corundum before the blonvpipe. 

659. Sp. gr. 3*8. — Chrysoberyly Cymophane.— 
Occurs in rounded pieces and smaU crystals^ primi* 
tive form a rectangular prism ; cross firaicture perfectly 
conchoidal^ with a resino-vitreous lustre; colour 
light green^ mixed with brown or yellow; some- 
times shows an opalescent blueish light internally ; 
semi-transparent; electric by friction.-— Suffers no 
change^ alone^ before tlie blowpipe. Melts into a 
dear glass with borax^ and remains transparent at 
every point of saturation. Complete fusion ensues 
with mic. salt^ and a glass is formed which continues 
clear on cooling. Does not act with soda. An ele« 
gant blue colour is developed by- a cake formed of 
solution of cobalt and powdered chrysoberyl, but no 
fusion takes place. 

660. Sp. gr. 3*8. — Pleonaste, Ceylanite. — Colour 
Uack^ but by transmitted light green or blue ; 
translucent; in smaU crystals; fbrm^ the octohedron 
and its varieties; fracture flat conchoidal; lustre 
splendent — Infusible^ per se^ even in powder. Forms 
a dark green iron-coloured transparent glass with 
borax. Intumesces with soda, and yieloust a black 
infusible scoria. 

661. Sp. gr. 3'7.^'Spinelle Ruhy, Spinel. — In grains 
and crystamzed ; form^ an octohedron^ perfect or with 
edges replaced ; red^ violet, or yellow ; fracture flat 
conchoidal; lustre splendent vitreous ; softer than the 
oriental ruby. — Infusible, per se ; but blackens and 
becomes dpaque, then, on cooling, shows the follow- 
ing colours by transmitted light, fine chrome green, 
colourless, ruby tint. Melts slowly with borax ; the 
result a ^lass transparent and nearly colourless. 
Fuses entirely with mic. salt if powdered. Intu- 
mesces with soda, but does not melt. Gives' signs 
of manganese on platinum foil. 

663. Spw gr. 3--a. — Sbposs. — Ocean ixv VQrEk%\x«»&- 
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poent many-tided pramiy fieqiuntly with eomi^ 
cated Miiiimits ; alao^ nuusiTe; edknir TarioiUy pie- 
▼ailiiiff yellow; fi act iir e anaD coDcliaidal; lustre 
aplenoent ▼itreous ; softer than spinel ; refracts 
aoahly ; electric by heat with polantj. — InfruiUe, 
akme, on charcoal, before the blowpipe ; bat in a 
low heat some of die Tarieties change colonr. At a 
▼ery hudi temperature, the striated aidea of the 
prisms became frosted with minute babbles of gss. 
woomes white and (^aqae with borax, then nMUts 
into a dear glass. Foses slowly with mic. salt, and 
leaves a skeleton of silica. Fhidaces with cobalt 
solution, a disagreeable blue colour. 

663. Sp. gr. 3-5. — DiamotuL — ^This mineral be- 
longs to the combustible class, see 413, and it 
merely rqpeated here because it agrees in many pro- 
perties with the minerals dT this Family. Hardnen 
supdrioT to that of every other substance.^ — ^InAi- 
siUe ; but very slowly combustible at a white heat 

664. Sp. gr. 3-2. — Andalusite. — Massive, and in 
slightly rhombic prisms; structure lamellar, with 
rectangular joints; colour reddish; translucent^ 
Infusible, alone, either in splinters or powder ; but, 
becomes covered with white spots. Fuses with borax, 
into a transparent colourless glass. 

Family 2. Rather Harder than Qjuariz^ 
Scratch Quartz with some difficulty — Scratch 
Felspar with ease. 

665. Sp. gr. 3-6. — Staurolite, Staurotide, Grenatite* 
— Form peculiar, — two six-sided'prisms intersect etdi 
other, either at right angles or oUiquely ;'rarely in 
single crystals ; colour dark reddish brown ; opaque 
to translucent; fracture uneven^ lustre glistenmff.-^ 
Fragments are infusible alone but become of a £irk 
colour. Powder fuses on the edges into a blade 
scoria. Melts slowly with borax into a transparent 
dark green glass. Doea not melt widi soda, but 

eiTervesoes and forma «i ^f^cm «fi»ra^ With mic 
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salt fuses very slowly, leaving a little silica, and 
forming a glass which is yellowish green and dia- 
phanous while hot, hut opaline and colourless when 
cold. 

666. Sp. gr. 3*5. — Pycnite, Schorlaceous BeryL 
•—Occurs in long six-sided prisms, deeply striated 
longitudinally; also, in parallel prismatic concre- 
tions, with transverse rents ; yellowish and reddish 
white; translucent; glistening; fragile; hecomes 
electric hy heat — Inmsihle hefore me blowpipe, 
alone ; but, in a strong heat, the longitudinal faoea 
of the crystal become covereid with numerous small 
white bubbles, in which respect it resembles the 
topaz. 

667. Sp. gr. S'^—Pifrophyscdite, a variety of To- 
paz.^— Occurs in large crystals, resembUne those of 
the topaz; also, in roundish masses; dbioui dull 
greenish white; structure lamellar, and splendent 
in one direction; fracture uneven and glummer- 
ing; translucent on the edges. — Infusibk before 
the blowpipe, but acquires a slight glazing, and dis- 
engages bubbles of gas. 

668. Sp. gr. 3'l^TourmaUne, Lyncurium of the An- 
cients.— -Occurs in rolled pieces and in prismatic crys- 
tals with many sides, deeply longitudinally streaked, 
and having dissimilar terminations ; principal colours 
green ana brown, but it is also wmte, yellow, red 
and blue, never black, generally muddy; lustre splen- 
dent vitreous; semi-transparent; fracture conchoidal; 
remarkably pyro-electric by heat, with polarity. — ^Be- 
fore ^e blowpipe. Red and Clear Oreen Tourmaline, 
done, becomes white, intumesces, spits, assumes a 
acoriaceous appearance, but does not melt. With 
borax, after a slight effervescence, becomes white, 
and fuses slowly into a colourless diaphanous glass. 
Acts with mic salt as with borax, but the glass be- 
comes opaline on cooling. Melts difficultly with 
soda into an opaque glass. Becomes dark green on 
platinum foiL jiark Bhte Tourmaline VssiNBic^ cx^%> 

X a 
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tals, (Indicolite,) swells to three times its origiiisl 
sixe; the sssay beoomes cuired and is ooDYerted into 
m bUck Bcoria. Acts with the fluxes like the pre- 
ceding Tsrieties. 

669. Sp. gr. S-l^^Rubellite, Red Schorl, Red Vari- 
ety of Tourmaline, Siberite. — Occurs in six, nine, or 
tweWe-sided prisms deeply longitudinally streaked ; 
oo4our red, wil^ often a tinge of pink or violet. 
^Alone, before the blowpipe, on charcoal, beeomei 
milk white, intumesces violently, splits obliqudy, 
does not fuse, but vitrifies on the edg^ Efibrvesoei 
with borax and readily melts into a dear glass wheran 
some flocculi may be observed to float and gradually 
dissolve. Readily decomposes with mic. salt, after 
efiervesdng, and forms an opaline g^asa, leaving a 
silica skeleton. Fuses slowly with soda into an 
opaque glass. Is much more soluble with the fluxet 
than tourmaline. Exhibits intensely, on platinum 
foil, the efifects of manganese. 

Family 3. Hardness about equal to, or exceed' 
ing, that of Felspar — Scratched by Cbuais 
— Scratch WindoW'glass with ease* 

670. Sp. ^. 4,-7^-^3.— AutomaHie, Spinelle Zin- 
cifere, Gahnite. — Dark blueish green octohedral crys- 
tals, nearly opaque. — Infusible alone. With boraz 
it fuses in very small quantity, even in powder, 
forming a glasB which is green while hot, bat 
colourless when cold. 

671. Sp. gr. 4*2. — GadoUfUte.— Ocean massive^ 
rarely crystallized; greenish black; firactuze flat ood- 
choioal; lustre splendent resinous; sli^tly trandu- 
cent; affects the magnetic needle; forms a stiff ney 
jell^ when i>ulverized and digested in an add. Va* 
rieties of this mineral behave difibrently beftve the 
blowpipe : — Ex pis. — a. Gave off water in the matrua 
On coarcoal, in a «)od flame, turned white and ftued 
quietly into a duk ^e^ ^us^ With borax etsily 
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fonned a clear glass. With soda fused slo^rly into 
a red grey scoria. With mic. salt fused into a clear 
glass^ leaving a skeleton of silica. The glass be- 
came opaline on cooling. On platinum foU jrave 
traces of manganese. — h. In the matrass gave on no 
water nor vofiitile matter^ but shone as if on fire^ 
enlur^ed^ and split Did not fuse on charcoal^ but 
exhibited the same phenomena as in the matrass; 
the particles which flew ofi^ during decrepitation 
glowed hke sparks. — c, Intumesced alone^ turned 
white, gave off moisture^ and threw out cauliflower 
ramifications. — b and c behaved alike with the fluxes. 
With borax easily formed a glass which the reducing 
flame rendered bottle green. With mic. salt, only 
partially fused and formed no silica skeleton. On 

Elatinum foil, no indications of manganese were ex- 
ibited. 

672. Sp. gr. 3*4. — ChrysoUte, Peridot— Occurs in 
angular and rolled pieces, and in prismatic crystals ; 
fracture conchoidal; splendent vitreous; yellow mixed 
with green or brown; transparent; doubly refractive. 
^Inmsible alone, but loses its transparency and be- 
comes blackish grey. With borax it melts, without 
efi*erve8cence, into a transparent glass of a light green 
colour. Infusible both with mic. salt and soda. 

673. Sp. gr. 3*4. — Hyperstene, )8ee 574. 

674. Sp. gr. 3*4. — Allanite, — Occurs massive, and 
in prismatic crystals; colour brownish black, when 

Iiulverized greenish grey ; fracture small conchoidal ; 
ustre shining, resino-metallic ; opaque ; brittle. — In 
the matrass gives ofi^ water, decrepitates, and be- 
comes lighter in the colour. On charcoal, becomes 
greenish yellow on the surface, but does not fuse, 
even at the thinnest edges, in an intense and long- 
oontinued heat 

675. Sp. gr. 3*3. — Anihophylite. — Occurs crystal- 
lized and amorphous; structure radiated; colour 
reddish brown ; lustre approaching to semi-metallic. 
•^-Infumble and unalterable botli m k^iieax^'oX «ql^ 
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powder. Melts difficultly with borax into a gl 
tinged by iron. Slowly decomposes with mic salt, 
leaving a skeleton of silica. Forms a sooriaoeouB 
mass with soda. 

676. Sp. gr. 3*3. — Zoisite. — See 575. 

677. Sp. gr. 3*2. — Bronzite, Diallage Metalloide«— 
Hardness variable. Yellowish or pinchbeck brown; 
lustre approaching to semi-metallic ; occurs in dis- 
tinct granular concretions; opamie in mass, but trans- 
parent in leaves; streak whitc-^-Yieldswater^ crackles, 
and assumes a clearer colour in the matrass ; melti 
slowly on the edges into a ffrey scoria on charooaL 
Melts with borax with much difficulty into a diih 
phanous glass tinged by iron. 

678. Sp. sr. S'l.Schiller Spar, a variety of Dial- 
lage. — Hardness not uniform; colour various shades 
of green ; splendent metallic ; occurs in plates d 
different form ; translucent in leaves ; softer thui 
bronzite. — Infusible before the blowpipe. 

679. Sp. gr. 3-0. — Jade. — By some mineralogists 
erroneously said to be infusible. See 581. 

680. Sp. gr. 3*0. — Gehlenite, Occurs in rectan- 
gular crystals ; greenish grey ; rough ; dull ; firacture 
uneven. — ^Alone^ before the blowpipe, suffisrs no 
change ; with borax melts with great difficulty into 
a glass faintly coloured by iron. 

Family 4. Softer than Felspar — Scratch 
Fluor'Spar-^Scratch Windotv-glast Jeebli/* 

681. Sp. gr. 3*7 — 3*5. — Sajrpare, Disthene, Cya- 
nite, Kyanite. — Hardness variable; colour different 
shades of blue ; occurs amorphous with curved la- 
mellar structure, or crystallized in long flat prisms; 
translucent ; shining pearly ; sometimes the colours 
are various and disposed m spots or stripes; some 
crystals, by friction, acquire nei^tive electricity, 
others positive. — In^sible alone, in the strong^ 
lieat of the blovrni^, even in powder; but turns 
frliite. A blueba viVaV^ «(^&cl\ variety, oiled 
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RfwBiizite, changes to a red ooiaur in a low heat^ 
bat in a higher^ becomes white. Melts completely^ 
though slowly^ with borax^ into a clear glass without 
colour. With a minute portion of soda^ a partial 
fusion takes place^ forming a blebby translucent 
globule^ which, if gently heated by the outer flame^ 
assumes a pale rose colour. With solution of cobalt, 
in a good heat, a beautiful deep blue colour is pro- 
duced. 

682. Sp. gr. 3*3. — CoccoUte, Granular Augite.^ — ^In 
slightly coherent pea-like granular concretions ; struc- 
ture lamellar ; various shades of green ; shining* — In^ 
fusible before the blom>ipe. 

683. Sp. gr. 3*2. — OUvtne, Granular Peridot, vari- 
ety of Chrysolite. — In olive coloured semi-transparent 
masses, with often an iridtocent pseudo-metallic tar- 
nish; found imbedded in basalt. — ^Before the blow- 
pipe, turns brown on the edges but preserves its 
general colour and transparency, and does not melt. 
With borax forms slowly a clear glass, which does 
not become opaque by flaming. With soda is con- 
verted, with much labour, into a brown scoria. 



Genus 2. Specific Gravity less than 3-0.^ 
BUT mobe than 2*5. 

684. This Genus is divided into three Families: — 

Fahily 1. Hardness rather exceeding that of 
Quartz, or nearly the same — Not scratched l!y 
Quartz — Scratch Felspar. 

Family 2. Hardness about equal to that of Fel* 
spar — Scratched by Quartz — Scratch Window- 
glass with ease. 

Family 3. Scratched by Fluor-spar. 

Family 1. Hardness rather exceeding tWi oj 
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Quartz, or nearly the same-^Nct 9crai 
by Quartz — Scratch Felspar. 

685. Sp. gr. 2"7. — Emeralds — ^Vivid green.— 
daily fusible. See 599. 

686. Sp. gr. ^'l.^^Adularia^ — ^Partially fii 
See 602. 

687. Sp. gr. 2*7. — Prase, a variety of Quai 
Leek or olive green; considered to be quart 
closing actynolite^ distinct fibres of wbich are 
seen disseminated within it. It is massive^ 1 
lucent^ and glistening. — Infusible per se j acta 
the fluxes like quartz. 

688. Sp. gr. 2*7. — Cat's Eye, a variety of Qua] 
In rounded pieces; grey and yellowish; tranalii 
lustre vitreo-resinous shining; exhibits a pe 
play of light, termed chatoyant, arising mm 
position of the fibrous amianthus enclosed i 
fracture small conchoidal. — It is infusible ; bn 
comes opaque and spotted upon exposure t 
blowpipe. 

689. Sp. gr. 2*6. — Beryl — ^Pale green. — ^Pai 
fusible. See 600. 

690. Sp. gr. 2-6.— /o/t7e.— Partially fusible { 

691. Sp. gr. 2*6. — Chalcedony, Flinty Qua 
Never occurs crystallized; but botryoidal, stala 
nodular^ in cubic pseudo-crystals, and as the w 
ing matter of various organic remains; fin 
waxy, compact, and flat conchoidal; has by 
mitted light a cloudy or nebulous appearance^ ' 
is shaded by spots and stripes of various cc 
chiefly blue, grey, or brown ; lustre dull ; cha) 
when polished in a certain direction. — Infusil 
fore the blowpipe, but becomes opaque. 

a. Carnelian. — Prevailing colour blood rei 

sometimes white, yellow, or brown ; in rough i 

ed pieces; lustre glistening; fracture perfee 

choidal. Sp. gr. sometimes 2*3. 

A Sard, a variety oi ^osNfi^^xi^ ^^ camd 
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Of a deep rich orange yellow or brown colour ; by 
transmitted light nearly blo«d red. 

c. Onyx^ is composed of alternate layers of brown 
and opaque white chalcedony. 

d. Sardonyx, is composed of alternate layers of 
sard and onyx or milk-white chalcedony, it is a 
very beautiful mineral when cut and polished. 

e. Mocha Stone, is a variety of chalcedony, con- 
taining arborizations, or vegetable filaments of va-< 
nous colours. 

/. Heliotrope, Bloodstone. Dark green, with yeU 
low and bloodt-red spots or stripes; translucent; lus- 
tre nearly resinous glistening. Sp. fi[r. sometimes 2-7. 

^. Agate, is not a simple mineral hut a compound 
of various siliceous substances ; its basis seems to be 
chalcedony ; it occurs in pebbles composed of alter- 
nate concentric lamells of quartzose minerals. When 
cut and polished it assumes certain appearances 
which have acquired for it the names of Ribbon 
Agate, Brecciated Agate, Fortification A^te, Moss 
Agate, Petrifaction Agate, &c. If a thm slice of 
agate be held to the light it shows the substances of 
which it is composed very clearly. The red stripes 
if transparent are carnelian, if opaque jasper ; the 
white stripes are opal ; the blue stripes chalcedony ; 
the broad transparent colourless stripes are quartz ; 
the purple stripes amethyst. Agate pebbles of the 
most beautiful description abound in Scotland. 

682. Sp. gr. 2*6. — FUnt, Pierre a Fusil. — Occurs 
in nodules, forming the substance of certain marine 
organic remains, and in other particular shapes ; co- 
lour grey passing into brown ; more or less translu- 
cent; fracture perfectly conchoidal; internal lustre 
glimmering resinous ; fragments sharp-edged ; very 
easily frangible. — Infusible before the blowpipe, but 
turns white and opaque. 

693. Sp. gr. 2'6,-r-Lydian Stone, Touchstone, va- 
riety of Fmity Slate. — ^Massive; black; opaque; 
traversed by qwittz veins; wheu '^^^^^^^a^^b^ v^ 



252 lARTHY MIMSEALS. 

try the purity of gold and gilver by the colour of a 
streak left on it by those metals when drawn over 
its surface. — Infosible. 

694. Sp. gr. 2'6. — Quartz. — One of the most abun- 
dant of minerals. No other substance is found in 
such a variety of colours^ forms^ and situations. It 
occurs massive^ in rolled pieces, and crystallized. 
The primitive form of its crystal is the rnomboid; 
but it commonly occurs in dodecahedrons formed d 
two six-sided pyramids joined base to base ; some- 
times the p^amids are separated by a aix-sidcd 
prism of which the alternate angles are frequently 
replaced. Fracture conchoidal or solintery; lustre 
vitreous splendent to glimmering ; nishly transpa- 
rent to nearly opaque ; causes double refraction when 
very transparent ; scratches glass ; does not yield to 
the knife. — Two pieces rubbed against eacn other 
are phosphorescent, and exhale an odour resembling 
that of tne electric fluid. Infusible before the blow- 
pipe. Insoluble in all acids but the fluoric. Seve- 
ral varieties of this mineral we have described in 
other places ; the three folbwing only remain to be 
described here. 

a. Rock Crystal — This is the pmrest and most 
transparent variety of quartz : occurs in roUed pieces 
and crystaUized in the forms above described; -the 
prisms being transversely striated; lustre splendent; 
finely doubly refractive; frequently wiUiout the 
least colour, but sometimes coloured by some acci- 
dental ingredient The stone called caimgorum is 
a smoke coloured variety. 

b. Common or Amorphous Quartz. — Occnn 
massive, in grains, in rolled pieces, ^pebbles or 
chucky stanes,) in other particular snapes, and 
in crystals; colour various shades of white, grey, 
brown, yellow, green, and red ; lustre of the crysf 
tals shining, of the rolled pieces glimmering ; frac- 
ture splintery or pax^llel fibrous ; translucent; frag- 
ments sharp-edged. HiiaciniUs oj Compoife/Za are 
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orange-ccdQured quapte crystals. Ilose Quartz is 
simply massive quartz^ se^pii-traiisparent^ and of a 
pale rose-red cdour. Milk Quariz is a blneish- 
white variety of massive quarts. Fat Quartz is so 
named because the fractured sur^eice appears as if it 
had been rubbed with oil. Ferruginous Quartz or 
Iron Flint, is quartz coloured red by about 6 per 
cent €i iron. 

c. Amethysitj Violet Quartz.-r-<TluB is quartz 
having a violet-blue or ^amethystine colour. It oc- 
curs amorphous, but commonly in imperfectly form- 
ed pyramidal crystals often radiated ; found in veins 
and m the hollow cavities of agates ; transparent ; the 
colour often not uniform throughout the crystal. 
The massive variety composed of aensely-ag^^;ated 
imperfect prisms, which give to the concretions the 
appearance of a coarpdy nbrous structure. 

695. Sp. gr. S*6.-r>t^mmo?t Homstone, C{iert.— 
Amorohoius, in nodules, never crystalliaed: colour 
usually grey ; fracture splintery or condholdai : dull ; 
slightly translucent^^Looks like compact felspar, 
but that mineral is fusible, while this is infusible. 

b. Woodstone, is wood converted intp horastone 
by petrifaction, oft^ preserving its fibrous appear- 
ance. 

696. 6p. gr. 9'6.'^jffomstone''Slate, FHnty-Slate, 
Indurated Shite.— Massive ; colour grey ; sometimes 
striped ; structure slaty ; opaque or translucent on 
the edges ; dull ; scarcely so hard as quart?. — Infu- 
sible per se. 

697. Sp. gr. %'6'^Egyftian Jasper, — In loose 
rounded masses with a rough surface ; colours red, 
brown, and yellow, singularly arranged in curved 
and contorted stripes; structure compact; fracture 
conchoidal ; takes a high polish when cut ; rather 
luurder tlum quartz. — Invisible per se. 

a. Birown E^^^yptian Jasper. — -Yellow, with brown 
concentric d^lmeations and black spots ; tr&U!&l»s:is^ 
on the edges. 
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b. Red Ejmptiaii Jasper.— -Between scarlet and 
blood red, witn ring-shaped delineations ; opaque. 

698. Sp. gr. 2*5. — Plasma^ Green Flint. — Occurs 
in angular fragments among the ruins of Rome; 
dark-jgreen with white and yellow dots; translucent 
— In&sible. 

Family 2. Hardness about equal to that of 

Felspar^^cratched by Quartz Scratch 

Window'glass with ease. 

699. Sp.gr. 2*9.— C%ia^o/t<f, Macle, Hollow Spar.— 
Occurs in long slender quadrangular prisms of a grey- 
ish white colour, each enclosing within it a dark blue 
or black prism of a similar form with the exterior; 
the white part is laminar ; ^listening; translucent— 
Whitens in the blowpipe name, but does not melt 
A very thin cake made of the powdered mineral, 
concretes into a mass. Melts difficultly with borax 
into a dear ghiss. Gives a blue colour with solution 
of cobalt The black part affbrds, alone^ a Mack 
glass. 

700. Sp. gr. 2*7. — Chrvsoprase.^-A beautiful va- 
riety of Chalcedony ; colour apple green of varions 
degrees of intensity ; highly translucent ; its other 
characters agree with chalcedony, except that it is 
softer. — ^Before the blowpipe, it does not melt, but 
becomes white and opaque. 

701. Sp. gr. 2*7. — Indianite, — ^A rare mineral; 
amorphous; greyish white; granular; lamuiar; 
translucent ; less hard than felsnar ; scratches win- 
dow-glass ; softened by acids. — Infusible before the 
blowpipe. 

702. Sp. gr. 2*5. — Common Jajper.-«-Occurs in 

veins ; amorphous ; colours yellow, brown, and red, 

of various shades, frequently intermingled ; opaque; 

g^enerally dull; fracture conchoidal or even; often 

Kn'ttle; sometimes ^\/ea\&% internally. — Infusible 

before the blow^i]^. 
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b. Striped Jasper^ Ribbon Jasper.--<Differs from 
common jasper m the arrangement of its colours, 
which are disposed in spots, stripes, clouds, or con- 
centric curves. Some specimens are extremely beau- 
tiful. 

Family 3. Scratched by Fhtor-spar. 

703. Sp. gr. 2'9. — Pot^stone, a variety of Serpen- 
tine. — ^Amorphous; structure undulatingly slaty; 
greenish grey; glistening; translucent; yields to 
uie nail ; unctuous ; difficidtly frangible ; sectile.— < 
Infusible before the blowpipe. In some countries, 
this mineral is turned on a lathe into culinary ves- 
sels which resist the action of fire. 

704. Sp. gr. 2-9.—Ptm7<f.— Nearly infusible (622). 

705. Sp. gr. 2*8. — 2*5. — Pearl-spar, Brown Spar. 
—Soluble in acids. See 557. 

706. Sp. gr. 2*8. — ^2*7. — Granular Limestone, Sta- 
tuary Marwe.— Compact Coloured Marble. — Calca- 
reous Spar. — ^Efiervesce with acids. See 550 g, h, a. 

707. Sp. gr. 2*S.--Agalmatolite, White Talc — 
Occurs massive ; structure imperfectly slaty ; green- 
ish grey veined with brown or blue; lustre glimmer- 
ing, greasy; translucent; imctuous; yielas to the 
nail. — ^Alone, in the matrass, gives ofi^ water having 
an empyreumatic odour, and blackens. Before the 
blowpipe, on charcoal, turns white, and presents at 
the extremity of the projecting part, some marks of 
fusion. Gives a colourless glass with borax. 

708. Sp. gr. 2'8. — Talc. — Occurs in hexagonal 

Elates, and massive ; structure finely and curvedly 
iminar ; the lamins are easily separable from one 
another ; translucent ; flexible, but not elastic ; pre- 
vailing colours silver white and green ; lustre splen- 
dent pearlj ; soft ; very unctuous ; sectile ; leaves a 
pearly white streak when rubbed on paper. — Speci- 
mens from different localites, vary considerably in 
.their pyrognoetic habitudes. In general, T9i<^ ^^^^ 
liates and whitens before lYie YAoNTgr^* \ct «i,\s"^ 
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does not fuse. Some yarietiei, iKHwerer, gire with 
difficulty a very minute fflobule of enameL 

a. Crystalliaed Talc, Venetian Talc. Oocura is 
regular minute aix-sided tablea of a white or light 
green colour. 

b. Massive Talc, lliis is less flexible and trans- 
lucent than the preceding; colo\ir apple green; 
structure often racuated. 

c. Indurate Talc. Massive ; greenish grey ; struc- 
ture fibrous and curvedly slaty ; shining pearlj 
lustre ; somewhat translucent, dp. gr. 2-9. 

709. 8p^ gr. 2*8. — Asbcitous Tremofite. — Hardness 
variable. See 571 b. 

710. Sp. gr. 2*7. — Magnetite^ Compact Carbontte 
of Magnesia.*— Amorphous, tuberose, and spongi- 
form ; fracture splintery or flat conchoidal ; colour 
yellowish grey, with dots or dendritic delineatioin 
of blackish brown ; dull ; nearly opiique i yields to 
the nail ; meagre ; adheres to tlie tongue ; dissolvel 
in sulphuric acid, and affbrds crystala of sulphate of 
magnesia. — In the matrass, sives off^ hardly any wa- 
ter. Crackles, shrinks, ana hatdens on charcoal) 
and then acts on moistened brazil«wood paper, like 
an alkalL 

711. Sp. gr. 2-7. — Boestone. — Dohmiie, — ChaXk^ 
Soluble in muriatic add. See 680 t, 550, and 550 U 

712. Sp. gr. 2*7.^ — Steatttej^^ume, smnetinies 
with pseudo-morphous crystals of the same sab* 
stance imbedded ; fracture splintery ; mictuoiii ; 
yields to the nail; but does not adhere to the 
tongue; colours pale grey, yellow, w red; dtdl^ 
translucent on the edges; secdle, cutting with s 
smooth shining surface. — It hardens before the blow- 
pipe, and turns black, but is not fusible. 

713. Sp. gr. 2*6. — Alum^stone. — Massive; reddish 
white ; translucent ; lustre dull ; fracture earthy un- 
even. — ^Alone, in ^e matrass, it decrepitates, and 
Fields a BulpYi\iiou& ^«. Oti ^attooal, in a good 

^^8t, it contracts ^i\x\.CL<CK» TAX insft. >M^s^\»nuL, it 
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effervesces and melts into a transparent glass free 
from colour. Does not fuse with soda. Gives a fine 
blue glass with solution of cobalt 

714. Sp. gr. 2-6. — Slate Spar. — ^Effervesces violent- 
ly in acids. See 550 b. 

715. Sp. gr. 2*5. — Serpentine, — ^This is usually de- 
scribed as infusible ; but Berzelius found it partially 
fusible. See 630. 



Genus 3. Specific Gravity less than 2*5., 
but more than 2*0. 

716. This Genus is divided into three Families:—- 

Family 1. Hardness varying froTn thai ofQuart^ 
to that of Felspar, 

Family 2. Scratched by Felspar — Scratch Window 
gkus and Flupr'spar, 

Family 3. Softer than Fluor-spar. 

Family 1. Hardness varying from that of 
Quartz to that of Felspar. 

717. Sp. gr. 2*4». — Leucite, Amphigene^ White 
Garnet— -Occurs in little rounded masses^ also in 
crystals whose planes are 24 equal and similar tra- 
peziums ; structure lamellar ; colour greyish white ; 
translucent ; shining Vitreous ; scratches glass with 
difficulty. — Infusible before the blowpipe^ alone^ 
even in powder; but it melts if mixed with pul- 
verized carbonate of lime. Fuses slowly with borax 
into a clear glass. Effervesces with soda^ and forma 
a blebby glass. 

718. Sp. gr. %'^-^Sodalite, — Massive, and in rhom- 
bic dodecahedrons ; colour blueish green ; cleavage 
twofold; fracture conchoidal; lustre shining resi- 
nous ; translucent — ^Before the blowpi|^, ow ^\3ks:t- 
coal^ Berzelius found one spedmeu a^> V\\}iiL.N«r| 

Y 2 
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brisk intimieMeiice, into a distorted calourksB glas; 
anotlKr, in like circumstanoeVy snfifeted no change, 
excepting that, bv a powerful Uast, the edges be- 
came rounded. 

719. Sp. gr. 2^—WavMte, Sub-Phosphate of 
Alumina, Hvdxargillited — Occurs in mammiUated 
or hemisphencal concretions, Tarjii^ in size from 
that of a pea to a wahiut; the concretions being 
composed of delicate adcular prisms, closely adher- 
ing, and el^antly radiating nrom the centre ; pre- 
TaiUng colour greenish white ; translucent ; shining 
vitreous. If a fragment be laid on a watch glass 
with a drop of sulphuric add, and heated, the glass 
becomes slightly corroded, from the disengagement 
of fluoric add.— ^In the matrassj alone^ water is gi?en 
off, the drops of which, towards the end, are loaded 
with fluoric add, as may be known by the usual 
signs. On charcoal, it intumesces, loses its crystal- 
line form, becomes snow white and opaque, but does 
not melt Treated with boracic acid and iron, it 
gives a fused regulus of phosphuret of iron. — ^The 
foUowing substances are said to be yarieties of Wa- 
vellite : — 

b. Diaspore. Occurs in curvilinear lamellse, easily 
separable ; having a shinine pearly lustre ; and a spu 
gr. of 3*4. — ^A fra^pnent hem in the flame of a candk, 
explodes, and separates into minute partides. 

c. Turquoise. An opaque greenish-Mae stone em- 
ployed in jewellery. 

7«a Sp. pr. 5M.— Jlf eni/tVe, a variety of Semi-Opal. 
— Occurs m tuberose pieces ; grey and brown ; 
translucent on the edges ; structure slaty. Insoluble 
in aU adds but the fluoric — Infusible before the 
blowpipe. 

721. Sp. gr. 2'9,—Cacholong, a variety of Chalce- 
dony. — Occurs in loose masses; colour milk white; 
opaque ; brittle ; fracture flat conchoidid ; somewhat 
CimTiii I nt: extemfliliW d>3SV\ T«xe«— Inihuible before 
^nrpipe. 
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732. Spi gr. 3-1. — t/oiper^Opa^-^MasBive ; nearly 
opaque ; red and yellow \ lustre yitreous shiningw-^ 
Infusible before tne blowpipe. Distinguished from 
the other yarieties of jasper by its more easy frangi- 
bility^ and its lOw specinc grayity. 

Family 2. Scratched by Felspar — Scratch 
Window-glass and Fluor-spar, 

7^. Sp. gr. 2*4. — Hyalite, Muller's Glass. — Bears 
a striking resemblance to gum arable ; occurs lin- 
ing the cayities of basaltic amygdaloid; pale yellow ; 
shining yit/eous; tettii-transparent ; smcNHh and 
mammiUated; j&agile. — Infusible bdbre the blow- 
pipe. 

734. Sp. gr. 2ie.' — Semi-OpoL^^'Seaily opaque; 
has no play of colours ; lustre faint ancl resinous ; 
colours iyhite, grey, and yarious ; harder than Opal. 
— Infusible before the blowpipe. 

b, W^od Opal. Petrified wood penetrated by 
semi-opal; remarkable for its ligneous structure j 
distinguished &om wood*stone (wood petrified by 
chert^ &c.) by its superior ISghtness^ Iranslucency, 
and conchoidal fracture. 

725, Sp. gr. 3-1. — Opal — ^Varieties of this minerfeil> 
haying properties peculiar to theinsdVes^ are de- 
scribed elsewhere: we haye only to notice four in 
this place :^-* 

a. Precious or Noble Opal. Occurs most frequently 
in nodules, neyer crystallized.; eoldur blueish white 
by reflected Ught ; pale orange by transmitted light ; 
but chiefly remarkable for the beautifal chatoyant 
or opalescent appearance it possesses; highly trans, 
lucent; internal lustre splendent yitreous; brittle; 
fracture conchoidal. Insoluble iu all acids except the 
fluoric. — It is infusible before the blowpipe, but it 
decrepitates, loses its colour, and becomes opaque. 

b. Common Opal is of yarious shades of white, 
green, yellow, and red ; but is entirely withaxsA. ^\sfc 
play of colours which chanyctmwsik ^e ttfJtSva «^'^'» 
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and is less transparent than that yariety. In its 
other characters^ nowever, it is much the same. 

c. Milk-Opal, Opal-Cacholong. Translucent and 
milk white. 

d. Fire Opal. Differs only from the noble opal, 
with which it sometimes occurs, in possessing merely 
a red reflection when turned toward the sun. 

Family 3. Softer than Fluor-spar. 

T26. Sp. gr. 2^. — Porcelain Earth, Kaolin, Por- 
celain Clay, Disintegrated Felspar. — ^Amorphous; 
white of various tints; soft but not unctuous; 
slightly cohesive. — Infusible before the blowpipe. 

727. Sp. gr. 2*2. — Cimolite, a variety of Fuller's 
£arth. — Massive; structure slaty; greyish white; 
dull; opaque ; fracture earthy uneven ; yields to the 
nail ; adheres to the tongue ; sectile ; tough ; sepa- 
rates in water into thin slaty lamins, which, by 
trituration, form a soft pulp. — Infusible. 

728. Sp. gr. 2'2- — Lithomarge. — ^There are two 
varieties o£ this mineraL Some specimens phospho- 
resce when heated; others, when moistened, give 
out an agreeable smell Uke that of nuts.-^Before the 
blowpipe, it is infusible : — 

a. Friable Lithomarge. White scaly particles 
slightly cohering; soils; greasy; adheres to the 
tongue; phosphoresces. 

b. Indurated Lithomarge. Amorphous; colours 
various; mottled; dull; opaque; fracture earthy; 
streak shining ; yields to the nail ; greasy ; heavier 
than the preceding. 

729. Sp. gr. 2*2. — Tripoli. — Massive; fracture 
coarse dull earthy, structure slaty ; yellowish grey ; 
dull ; opaque ; meagre ; rough ; yields to the nail ; 
does not adhere to the tongue. — Infusible. 

730. Sp. gr. 2*1. — Adhesive Slate. — Amorphous; 
grey ; dull; opaque; it^cXxa^ ^t^ ^ ^® larg^^ 
earthy in the aoaaW » «>MK)t>a«i^ "h^X^ ^^ %:^^t.Y, 
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ai^-'babbies separating with « bubbling noisb. — In* 
fusible. 

731. Sjpi gr. 2*1. — Native Ma^iia, Hydrate of 
Magnesia.-^C6ur8 in small vems^ in serpentine; 
rare; structure broadly fibrous, radiated; colour 
white; lustre shining pearly; translucent in mass, 
transparent in folie; mi; elastic; adheres to the 
tongue. Soluble in acids. — In the matrass, gives off 
water. Alone, dn charcoal, swells, crac^ks, and 
turns milk white ; but does not fuse* 

732. Sp. gr. 9*0. — Indurated Clay, Fire Clay, 
Stourbridge Clay.-^Amorph6Us ; fracture earthy 
granular; grey or brown; hardness variable; by 
expojETure to the air rendered soft and plastic.-— On 
charcoal, in a low heat, turns white; in a strong 
heaty becomes scoriaoeouii but does not fuse. 



GfKus 4. Specific GMavity less than S-O. ; 

SOifE SPSttEB SUPERKAtANT. 

733. This Genus lA not divided into Families. 

734w The minerals of which it is constituted are 
of various d^ees of hardness,-*-H30ilie species being 
harder than Fluor-spar, otheri extremely soft, — but 
they are very limited in number. 

735. Sp. gr. 1*9. — 0*5. — Polishing Slate, — ^Amor- 
phous; slaty; grey and yellows in stripes; dull; 
opaque; very soft. Sp. gr. 0*5., but when it has 
imbibed water, 1*9. — Infusible. 

736. Si), p. V^.—Silideim Sinter.-^This term 
denotes a kind of siliceous concretion. There are 
three varieties : — 

a. Common Siliceous Sinter. Greyish, reddish, 
and brownish white ; occurs stalactitic and in va- 
rious particular fortns, sometimes enclQ«itL% '^^3^\&% 
dull or glistening; fhw^ture-concYioVdiaV tit festwa^** 
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generaUy porous; sometimes tnnsluoeiit on the 
edges; very brittle. 

b. Opaline Siliceous Sinter. White^ with dark 
spots and lines; massive^ and in distinct concre*> 
tions; glistening; adheres to the tongue; resembles 
opal. 

c. Pearl Sinter, Fiorite. Occurs stalactitic and in 
botryoidal concretions composed of thin concentric 
Ismine; white or grey; pearly; lustre shining to 
dull; translucent; scratches glass and fluor-spar^ but 
is scratched by quartz ; britde. — Sp. gr. 1*9. 

737. Sp. gr. 1*7. — Aluminite, Pure Clay, Sub-Sul- 

Ehate of Alumina. — Occurs.in reniform pieces ; yel- 
>wi8h white ; dull ; opaque ; fracture earthy ; yields 
to the nail; almost nriable; meagre; stronfffy ad- 
heres to the tongue. — On charcoal, alone, inrasible. 
Gives off water and sulphurous acid, in die matrass. 

738. Sp. gr. 1*6. — Meerschaum, Sea Foam, Euihy 
Carbonate of Magnesia, £ciune de Mer. — ^Amor- 
phous ; colour yellowish white ; opaque ; dull ; frac- 
ture fine earthy ; yields easily to the nail ; adheres 
strongly to the tongue ; often very porous and supers 
natant; unctuous; lathers with water like soap.— In 
the matrass, yields water and an empyreumatic odoor, 
and turns black. On charcoal, regains its white 
colour, contracts, and on the thinnest edges shows 
some symptoms of a white enamel. Assumes, with 
solution of cobalt, a fine lilac colour. 



Class 4. SALINE MINERALS. 

739. For the Essential Characters of this Class, 
see paragraph 392. ' 
It is divided into two Orders, as follows : — 

Obder 1. When DtssoUed in Water, afford a Pre* 
cipitaie w\Xh Carboiuiied AUcoU, 
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Order 2. When Dissolved in Water, do not afford 
a Precipitate with Carbonated Alkali. 

These Orders are not diyided into Genera^ because 
the minerds of which the^^ are constituted are few 
in number^ and easily discriminated. 



Order 1. When Dissolved in Water, afford a 
Precipitate with Carbonated Alkali. 

740. Sulfate of Magnesia, Epsom Salt — Occurs 
in crystalline fibres; rarely pulverulent; greyish 
white; transparent; opaque; soft; brittle; taste 
peculiarly bitter and saline ; seldom found in a solid 
state. — ^Before the blowpipe^ dissolves very easily by 
means of its water of crystallization^ but when dried, 
it is difficultly fusible. 

741. Native Alum, — Occurs as an efflorescence on 
argillaceous minerals ; also, stalactitic, in delicate ca-t 
piuary crystals, and massive, with a fibrous texture, 
and silky lustre; yellowish white; to the taste 
sweetish, styptic, and acidulous ; hurder than gyp- 
sum. Sp. gr. 1*8. — It melts easily before the blow- 
pipe, by means of its water of crystallization, and by 
the continuance of heat, is converted into a white 
spongy mass. 

742. Green Vitriol, Sulphate of Iron.^-Occurs 
massive, stalactitic, disseminated, and crystallized in 
acute rhomboids. It arises from the decomposition 
of Iron Pjrrites. Its colours are various sfiades of 
green and yellow. Rare. Solutions of this salt are 
turned black by solution of galls, and blue by solu- 
tion of prussiate of potass. Sp. gr. 2*0. 

743. Blue Vitriol, Sulphate of Copper. — Occurs 
massive, stalactitic, pulverulent ; colour fine bright 
blue or blueish ^een ; to the taste nau««ow&, \AX\et, 
metallic ; a portion diBSolved in a dto^ oi ^^x«t» «».^ 
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gpread on the surface of inm^ immediatdy eorron it 
with a film of copper. 8p. gr. 12*9. 

744. White Vitriol, Sulphate of Zincp^rOccure 
ftmorphous, and in various particular forms ; colour 
yellowish white ; fracture fihroi^s radiated ; shining; 
translucent; soft; hrittle; to the taste nauseous 
metallic. Sp. gr. 2*0. — Before the hlowpipe, it fuses 
with ehullition> giving off a large quantity of sul- 
phurous acid, and leaying a grey scoria. 

745. J^d Vitriol, Sul]phate of Cohalt. — Occurs 
stalactitio, massive, and investing ; soriaoe Arrow- 
ed ; colour pale rose red ; more or less transparent ; 
crystalline; styptic taste; its solution affi>rd8^ with 
carhonate of potass, a pale hhie precipitate, whidi 
tinges horax of a pure hlue oolonur. 

746. Muriate of Mercury, Horn Mercttry.F— A 
metaltic mineral, see 431. Pissolvee in water, and 
affords with lime water, a precipitate of an onmge 
colour. 



Order 2. WheQ DLssolyed in Water, do not 
afford a Precipitate with Carbonated Alkali. 

747. Native Bow^dc Acid, Sedative Salt, Sasaolin. 
—Massive; fHahle; composed of minute white 
pearly scales, which adhere somewhat to the fingers; 
bitter and sub-acid to the taste; very hgbt — 'Very 
easily fusible before the blowpipe, with sl^ht in- 
tumescence, into a transparent globule. It placed 
on wetted brazil-wood paper, it bleaches it. 

748. Borax, Borate of Soda, Tincal. — Occurs in 
prismatic hexagonal crystals, compressed and vari- 
ously terminated ; primative form, an oblique rhom- 
bic prism ; colour white, with a tinge m blue or 
green ; shining Tennous ; semi-transparent ; 9o/ti ; 
brittle ; refracta (VjWkfe\i* %^. ^. V6,— -Brfore the 
blowpipe, alone, \t VtkXMLVwaftWk ^wti^ ^^^s^ssmi^^ car- 
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bonizes, yields an empyreumatic odour^ and melts 
into a transparent colourless globule. 

749. Natron, Carbonate of Soda^ Trona. — Mas- 
siye^ fibrous^ in crusts, and efflorescent ; yellowish 
white ; to the taste urinous and saline ; tranducent 
or opaque ; the fibrous variety consists of an aggre- 
gation of minute shinine vitreous crystals, often 
radiated. £ffbryesces violently with acids. Sp. gr. 
V*. — ^Very easily fusible before the blowpipe. 

750. GiavbersaU, Sulphate of Soda.— Occurs form- 
ing efflorescent incrustations; jellowish or greyish 
white ; to Uie taste, cooling, bitter, and saline. — In 
the matrass, gives off so much water of crystalliza- 
tion as to dissolve itself; the salt then dries, and on 
charcoal, melts, is absorbed, and converted into a 
sulphuret. With soda, it penetrates the charcoal, by 
which it is distinguishea from salts which have 
earthy bases. 

751. Nitre, Nitrate of Potass, Saltpetre. — Occurs 
in crusts, and in groups of capillary crystals ; colour 
yellowish white; to the taste cooling and saline; 
translucent; brittle. Sp. gr. 2*0.— In the matrass, 
yields water, and melts at a ver]^ low heat ; on char- 
coal, at the moment of fusion, it detonates, leaving 
an iJkaline mass. 

752. Sal'Ammoniac, Muriate of Ammonia. — Oc- 
curs massive, with a fibrous structure, plumose, in 
crusts, and in minute octohedral crystals; white 
when pure, but often coloured by accidental ingre- 
dients ; transparent to opaque ; externally dull, but 
shining vitreous internally ; to the taste peculiarly 
pungent and acrid; when moistened, and rubbed 
with quicklime, it gives out a pungent ammoniacal 
odour. — Sp. gr. 1*6. 

753. Common Salt, Rock Salt, Muriate of Soda. — 
Occurs in beds, in large ccdumnar or spheroidal con- 
cretions, and crystallized in cubes and octohedrons ; 
structure obscurely lamellar; breaks 't«».^5\^ vcwNa 
cubic fragments, the cube Y)eing t\ic -^puiiix^vN^ ^^stw^ % 
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what pQie of a white oolonr, bat when mixed witb 
accidental ingredients^ of Tariout colonn; lustre 
shining vitreons; transpaioit to apaqae; readily 
jieUs to the knife ; deUquesces in the atmosphere ; 
taste same as that of oommon culinair salt. Sp. gr. 
2-8^ — In the matrass, decrepitates and yidda water. 
On charcoal, melts, disengages fumes, and is ab- 
sorb^. With mic sslt and oxide of copper, pro- 
duces the fine falne flame which cfaaracterises muri- 
atic acid. 

b. Fibrous Rock Sah. Coloiir greyish white, 
sometimes striped with red or blue ; massive and in 
concretions, the structure df whidi is rather fine, 
and generslly waved fibsous ; fragments splintery ; 
semi-transparent. — ^It decreintates briskly bcdfove ine 
blowpipe, or when laid an. burning coak. 

754. GhuberUe. — Crystallised in oblique ist 
rhomboidal prisms; striated laterally; pale yeUow 
or grey; translucent; harder than gypsum; softer 
than calcsreous spar ; structure lamellar. 8p. gr. 2*7. 
— ^When immersed in water it becomes opaque, and 
partially dissolves. — ^In the matrass, decrepitates vio- 
lently, and jrields a little water ; afterwaroa, at a low 
red heat, melts into* a transparent glass. On chsr- 
coal, it turns white on the first impulse of the flame; 
then melts into a clear globule, whioh changes, on 
coojing, into a white enameL 



MISCELLANEA. 



LAVOISIER'S EXPERIMENTS WITH THE 
OXYGEN GAS BLOWPIPE. 

755. Rock Crystal, or pure siliceous earth, is in- 
fusible^ but becomes capable of being softened 6r 
fused whto mixed with other substances. 

756. Limei Magnesia, and Baryies, are infusiUi^ 
either when alone, or when combined together; but^ 
especially Ihne^ they assist the fusion of every other 
body. 

75T. ArgiUy or pure base of alum> is completely 
fusible, par 8e> into a very hard claque vitreous 
substance, which scratches glass like the precious 
stones. 

758. All the compound Earths and Stones are 
readily fused into a Imiwnish glasik 

759. All the. Saline substances^ even fixed alkali, 
are volatilized in a few seconds. 

760. Goldi Silvett, and probably Phtinttm, are slow- 
ly volatilised without islny particular phenomenon. 

761. All lecher Metallic Substances, except mer- 
cury, become oxidated, though placed upon char-^ 
eoal, and bttm With different coloured flatnes, and 
it last dis^pate altogether. 

762. Th« Metallic Oxides likewise all burn With 
flatnes* This seetns to form a distinctive chafact6f 
for these substances, and even leads me to believe^ 
as was suspected by fiergman> that barytes is a 
ttietallic oxide, though We have not hitherto been 
able to obtain the metal in its pure or regullne state* 

763. Some of the Precious Stones, as rubies, are 
ebpilble of being softened atid sbldered together, 
Without injuring their i^lmit) br even dl\>^V>cAs&xsN% 
their Wetghls. The hyucinih^ l\\6\\^ 'aNMiA^\ ^jojasJSk^ 
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Hxed with the mby, Ioks in eoliHV wtrj icadOy . 
TheSozoD and Bnziliaii topn, and dK !>■ *!=«■■ 
mbf, lofe their o^oiir Tcry qokklj, and lose aboat 
a fifth of their we^it, leanng a white catd^ le- 
sembling white quartz, or n i i f^ird ckma. The 
emerald, chryiolite, aad gazneC, are ahaort iMiaal'y 
melted into an opaque and cukii ii ed ^baa. 

764. The Duwumd prewnta a | »« y ty ppg^aKaar to 
itself; it hams in the aame inannw aa mmfaiill 
ble bodies, and is entirel j dJiaip a trd . 

The series of expe i iH ieuta which pradoeed die 
abore results was made in the jeaia 17W-S. We 
beg to point, in an espedal manner, die readers 
attention to the sagacioiis eonjectore eontuned in 
paragraph 702, the sabseqoent demonslretion of die 
trutn <n which, by Sir Hnmphrej DaTy, waa one 
of the things that obtained for him so great a rq^ 
tation. 



PROFESSOR HARE'S EXPERIMENTS WITH 
THE OXY-HYDROGEN BLOWPIPE. 

705. Silica, findy powdered and nunstened with 
water. — Fusion perfect ; result, a colonrlesa gla8& 

766. Alumina. — ^Fusion perfect; reanlt, a milk 
white enameL 

767. Barytes. — Fusion immediate; accompanied 
by intumescence, produced by the liberation of water ; 
alter which the assay became solid and dry, but 
soon melted again ; result, a perfect gk^ule of grey- 
ish white enameL 

768. Stroniia, — Behaved like barytes. 

769. G/tfcma.— Fusion perfect; result, a white 
enamel. 

770. Zirconia, — ^Behaved like glucina. 

771. Lime, — Produced a liffht, the splendour of 
which was iii6upv^ilB\:\<& \a ^« naked eye. When 
the aasay was viewed X)i[a^\)^ ^i^V«:i^\3»lsJiaaBe8j 



WITH THE GAS BLOWPIPE. 269 

(&8 bU experiments of this kind ought to be^) it was 
seen to become rounded at the angles^ and sink gra- 
duaUy, till there only remained a sinidl globular pro- 
tuberance. The surface of this protuberance was 
converted into a perfectly white and glistening ena- 
mel> in which a lens discovered a few minute yoni^, 
but not the slightest earthy appearance. 

772. Magnena. — The esca^pe of water caused the 
vertex of the cone of magnesia repeatedly to fly off 
in flakes ; the top of the mistrum that thus remain- 
ed, gave a reflection of light nearly as powerful as 
that given by Hme. — ^After a few seconds, the assay, 
being examined by a magnifying glass, no rough 
nor earthy particles could be perceived, but a surface 
of perfectly white smooth enamel. 

773. Gvn Mtn^-^Fusion tapid ; attended by ebvl* 
litioft and the sepwation of nutaerous small ignited 
globuleis. Ivhidi a|ipeared to bum away, as they roli* 
ed out of the current df flatne ; result, a splendid 
and beautiful enamel. 

774n €halced(ni^.-^1?}mon rapid ; result, a beauti- 
ful Uueish white enamel> resembling opaL 

775. Ori^Tmi iJ(MielrAm^Tmicn atttmded with 
ebullithyti ] UMi, it seml-tlrdhspftreht \^hite globule, 
possesSsibg a fine llistfe. 

776. Med J'iiitpisr, from the Grampians. ^^Fuaon 
slow I attended byH slight effer vescenee ; result, a 
greyisk black fila^^ With wlnte spots. 

777. Berv/i'^Fttsion instantaneous : attended with 
violent ebUUitidh during exposure to the flame, which 
was renewed upon its re-exposUte sStet cooling ; 
result, a vitreous globule of a beautiful blueish 
white ccdoun 

77S. Emerald df P<fH#.-*-Beh4ted like tlie betyl ; 
but the resulting globule Was green, and perfectly 
transparent. 

779. i>2fct7e.^^Fusion instantaneous ; attended 
with stronff ebullition^ during whieb numerous ig- 
nited globules darted frahthe asiai, vcA «i^^x %»« 

z 2 
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in the air, or rolled upon the charooal^ snd humt ; 
result, a perfectly transparent white glass. — Very 
prohahly, as leudte contains a large proportion of 
potass, these glohules were potassium. 

780. Other Substances which were easily fused* — 
Porcelain, common pottery, fragments of hessian 
crucihles, various kinds of clay, Wedgewood's-ware, 
fire-hrick, and several compound rocks. 



DR. CLARKE'S EXPERIMENTS WITH THE 
OXY-HYDROGEN BLOWPIPE. 

781. The series of experiments made by Dr Clarke with 
the gM blowpipe, was tne most important iHiidi has ever 
been made on mineral bodies exposed to so high a tempe- 
rature. In a work like the present it is, therdSorre, but right 
to bestow a considerable degree of attention upon these 
experiments. We have consequently drawn up a short 
description of the most remarkable pnenomena attending 
the ixision of various bodies which were tried, and d the 
results which that fusion produced. The ^length of this 
account, much as we have studied brevity in its composi- 
tion, incroaches omsiderably on the linuts of our little 
volume ; yet we consider it of too imp<»tant a nature to be 
farther shortened or omitted.— The student will scquiie s 
fund of useftil information by the comparison of ^ese ex- 
periments with those described in the preceding pagsi ss 
made with the mouth blowpipe; the results m the two 
cases, when a mineral is assayed with the gaa and wiUi the 
common blowpipe, being sometimes exceedingly curious. 
If he possesses a sas blowpipe, this account will serve ss 
a manual whereby ne may direct his operations ; and should 
he be desirous of acquiring more extensive information on 
the subject, he has only to consult ** The G€u Bkmplpe, 
or the Art ofFution hy Burning the Gaseous cons^tuenti 
of Water^** Published bj Dr Clarke about eight years ago. 

782. The following circumstances reladve to the experi- 
ments, require to be borne in mind. — 1. 31 any of the sub- 
stances exposed to the gas blowpipe, being in the form of 

powder J were mixed into a paste with olive-oi), previous to 
the assay, —^, The Tesu\t& ti Oie ec^eraBumts were cut with 
a £ley to discover the mcU^V&\^»^»< 
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783. Pure Oxide of Calcium^ Lime. — ^Fusion very 
difficult ; result^ a substance with a limpid botryoidal 
glassy upper surface ; under surface black. It was 
supported in a platinum crucible. 

784. The fusion of lime and all its compounds by the 
Oas Blowpipe, is accompanied by a beautiful lambent flame 
of an amethystine hue. 

785. Crystallized Carbonate of Lime, Iceland Spar. 
<-— Fusion extremely difficult ; result, a brilliant 
Umpid glass. 

786. llydrous Carbonate of Lime, Arragonite. — 
Fusion difficult ; result, same as that of 783. 

787. Common Chalk, Carbonate of Lime. — Fusion 
easy ; result, yellowish grey enamel; yielding to dear 
pearly glass. 

788. Oolite, Pure Carbonate of Lime, Ketton 
Stone. — Fusion very difficult, attended with dense 
white fumes ; result, a yellowish grey glass, mam- 
millated. 

789. Compact Transition Limestone, Limestone of 
Parnassus. — Fusion difficult ; residt, a white milky 
enameL 

790. Primary Foliated Limestone, variety of Pa- 
rian Marble. — ^Fusion very difficult, attended with a 
deposition of white oxide; result, a snow white 
enamel, edges opalescent 

791. Limestone from the summit of the principal 
Pvramid of Egypt. — ^Fusion attended with dense 
white Amies; result, a white frothy enamel, full 
of bubbles. 

792. Matrix of the Human Skeleton discovered at 
Guadaloupe, Calcareous Tophus, Tufaceous Lime- 
stone. — Fusion difficult, attended with a deposition 
of white oxide and intumescence ; result, an intense- 
ly white enameL 

793. Marble from Tivoli, exceedingly Compact 
Limestone. — Fusion extremely difficult, attended 
with a deposition of white oxide ; result, a «&aH( 
white enamel. 
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794. Marble firoifa Pomfi^ii^ C&aipact Gtmittlar 
Limestone.^-Fa8ion less difficult thaii 798 ; result^ 
a translucid etiamel, like pure Chalcedony. 

795. Crystallized Phosphate of Lime> Apatite^— 
Fusioti attended with a phosphorei^eenc? and i^ein- 
tiUation^ but no deci^tation ; result^ a blaek idiinJ 
ing slag, which, when filed, showed a globule Of 
a high metallic lustre and unkfaDwn nature. 

796. Phosphate of lame of Estremadura, Compaet 
Apatite. — Fusion easy ; result, a white enatnel. 

797. Granular Soanry Phoe^iateof Liihe, A^ttitite, 
from a matrix of magnetic iten oxide.~^ResBlt of 
ftisionj a ch'oColate-broWn gla88> magnetia The 
magnetism and colour owing tb iron. 

798. Pure Oxide of Magnesium, Magne8i8.-^Fu-( 
slon, pier se, extremely diiBeuit ; but moistened with 
water, desiccated, and plsced on charcoal^ the fusion 
was attended with k purple-coloured flame ; result> 
a whitish glass, with a pseudo-metallic lustra. 

799. Hydrate of Magiiesia, Pure Fotiated Magne- 
sia from America. — ^Fusion ihcomparaUy itifficult> 
attended with a purple coloured name; result, a 
white opaque enamel, with A coat of limpid ^lass. 

800. Iconite, Pagodite of C%iiia;-^Fuiion ^asy; 
result, a brilliant limpid glass. 

801. Comolite, Potstonc-^Fusibn easy> attended 
With combustion ; result, k dark green globs, con- 
taining minute adcUlar crystals^ 

803. Talc, all the foliated varieties.^FuBi^ I re^ 
suit, a greenish glass. 

803. Serpentine, taiost rafieti^ of .-^^Fiiied ; Re- 
sult, oak-appte-green coloured g^obules^ wiUi in- 
dented surfaces. 

804. Pure Oxide of Aluminum, Aluminfl.a^Ffision 
easy ; result, a snow-white opaque glasB^ 

805. Crystallised Oxide oi Ahiminuiii, fiaplfAiire 
^pure blue). — Fusion easy ; resttH, gifotesque greens 

iah glass balloons. 
806. Crystallized ^edComxAxim,<^TttS6*a3LBnLbv 



i 
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— Fusion extremely rapid^ attended with a variety 
of changes in colour and form; at the first ap« > 

Slication of the fusion^ the mineral became a liquid 
ke oil, which^ when cold^ became a white and 
opaque globule ; this^ after a third melting, gave a 
pink coloured bead. It was supported on cnarcoaL 

807. Common Corundum, Greenish-grey Crystal- 
lized Primary Corundum, from the £ast Indies. — 
Fusion rather difficult, attended with a greenish 
flame, and an escape of gas; result, a greenish trans- 
lucid glass. 

808. Sub-Sulphate of Alumina, Alumina of New- 
haven. — Fusion very rapid, attended with a partial 
eombustion ; result, a pearl white translucid enamel. 

809. Wavellite. — Fusion easy ; result a snow-white 
enamel. 

810. Red Siberian Tourmaline, Apyrous Tourma- 
line, Rubellite. — Fusion attended with loss of co- 
lour; result, a white enamel; sometimes a limpid 
glass. 

811. Andalusite, Apyrous or Infusible Feldspar 
of Hauy. — Fusion easy ; result, a snow-white ena- 
mel. 

812. Cymophane, Chrysolite, Chrysoberyl. — Fus- 
ed ; result, a pearl-white enamel. 

813. Cyanite, Sappare, Disth^ne. — Fusion ready ; 
result, a snow-white frothy enamel. 

814. This mineral was used by Saussure as a supporter to 
the common blowpipe, on account of its refractonness. 

815. Hyperstene. — Fused; result, a jet-black high- 
ly-lustrous glass bead. 

816. Zircon, Jargoon. — Fusion very difficult, at- 
tended with a partial (internal) infusibility ; result, 
a mass, the superficies of which exhibited a white 
opaque enamel. 

817. Spinelle, the Spinelle Rubjr. — Fusion easy, 
attended with combustion and volatilization ; result, 
a loss of colour and weight. 

8X8. Automalite, Spinellaae, ZaxL<^\i«<rav>& V^^osrasx- 
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dum. — Fiudon attended with intumesoenee^ and de- 
positioii of yellow oxide ; result^ a grey enamel, witli 
a surface showing frost-like crystals. 

819. Topaz. — Fused ; result, a white enamel, cover- 
ed with minute limpid hubhles. 

820. Pycnite, Rdl Sch(vl, Schorlite, Schorlaceous 
BeryL — Fused ; result, a snow-white enamel. 

821. Pure Precipitated Silica, Peroxide of 8ili- 
clum ? — Fusion instantaneous, attended with a copi- 
ous discharge of gas; result, an orange-coloured 
transparent glass. It was supported on cnarcoaL 

822. << As to the real natnre of Silica^ Tery little satisfiic- 
tory information has been obtain<Sd : aher a centary spent 
in constant experiments for ascertaining the real history ui 
this extraordinary combustible. Chemists remain i^potant 
whether it be really a metallic body, or a combustible re- 
sembling boron and carbon." — JDr Clarke. 

823. Hydrate of Silica, Santilite, Pearl Sinter from 
Tuscany. — Fusion perfect, attended with dense white 
fumes ; result, a translucid pearly enamel, globular^ 
and bubbly. 

824. Hydrate of Silica, Hyalite, a diaphanous as- 
say. — Fused; result, a snow-white frothy enamel, 
bubbly. 

825. Hydrate of Silica, Sand Tubes of Drigg, in 
Cumberland. — Fusion instantaneous ; result, a pure 
limpid glass, bubbly. 

826. Hydrate of Silica, Opal— Fusion (terfbct; 
result, a pearl white enamel. 

82T. Hydrate of Silica, Chateedony.-^Fusion per- 
fect ; result, a snow-white enamel. 

828. Hydrate of Silica, Egyptiah Jaspet; — Fusion 
easy ; result, a greenish bubbly glass. It Was sup- 
ported in a platinum crucible. 

829. Hyorate of Silica, Common Flint. — Fusion 
rapid and perfect ; result, a snow whiii^ frothy 
eiiamel. 

830. Crystallized ^V^ca,. '^RoqVl X^tptal, k highly 
diaphanous speciinwi. — "feweaoiw ^msM&, ^MeoAed 
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with no loss of transparen(^ ; result, rounded vi- 
treous masses^ like Rupert's drops, bubbly. 

831. Common White Quartz. — Fusion rather pasy ; 
result, same as rock crystal (830). 

832. Leucite, Amphigene^ White Garnet of Ve- 
fluyius. — Fused; result^ a perfectly limpid glass^ 
bubbly. 

833. Peruvian Emerald.*— Fusion easy, attended 
.with a deprivation of colour; result, a very limpid 
bubbly glass bead. 

834. Siberian Beryl, Aigue Marine, Asiatic Emer- 
ald. — Fused ; result, a limpid bubbly glass. 

835. LazuHte, Lapis Lazuli. — Fii»ed; result, a 
transparent greenbh bubbly glass. 

836. Gadcuinite, Ytterbite.— -Fusion rapid ; result, 
a jet-black highly-lustrous glass. 

837. Pure Oxide of Plutonium or Barium, Barytes, 
Barytic Earth.-— Fusion very ready, accompanied by 
a green flame, slight scintillation, dense white ^mes, 
and deposition of white oxide ; result^ a jet-black 
shining slag, inclosing a regulus of Barium. 

888. When the ^lag was cut by the file, a regnlus was 
^isdosed, having the metallic lustre of silver, when cast 
into water, caseous bubbles were evoWed, until the whole of 
the metal. By decon^stng the water, was again converted 
into Barytes. Other properties, characteristic of the met^lUc 
base of barytes were also exhibited. Sir Humphrey Da^y) 
to whom the metal of barytes, thus producea, was trans- 
butted in naphtha, admitted Uie iact of its revival. The 
pietal is described fully in X>r Thomson's Chemistry. 

839. Pure Oxide of Strontium, Strontian Earth.^ 
Fusion difficult, accompanied by an amethystine 
flame, scintillation, dense white acrid fumes, and de- 
position of white oxide ; result, a jet-black shining 
alag, with internal metallic lustre. 

840. Siliciferous Oxide of Cerium, Cerite. — Fusion 
eAsy ; result, a metallic bead, with a surface of shin- 
ing adcular crystals. 

841. Ferriferous and Man^anesiferous Oxide osC 
Coluwhium, Tantalite. — FasiQH \n&\«C!AaLTAcsv>» % "t^ 
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sult^ similar in appearance to that of barytes 
(837). 

842. Ferriferous Oxide of Chromium^Chromite.—' 
Fusion easy ; result^ a dark globule, with no metallic 
lustre, but magnetic. 

843. Geniculftted Oxide of Titanium, Titanite.— 
Fusion difficult ; result, a metal, exhibiting the lus- 
tre and cobur of iron. It was supported m a char- 
coal crucible. With borax, ebullition took place, 
and the formation of acicular reddish crystals of 
oxide. 

844. Oxide of Uranium, Pechblende, Uranite.— 
Fusion difficult, accompanied by loss of colour, smell 
of sulphur, ebullition and scintillation; result, a 
brown globule, metallic lustre, brittle, hard, not 
magnetic. It was supported in a charcoal crucible. 

845. Sulphuret of Molybdenum, Molybdena.— • 
Fusion instantaneous, accompanied by dense white 
fumes, aud a deposition of oxide, mixed with mi- 
nute silvery metallic globules; result^ a metallic 
mass, resembling arsenical iron. 

846. Peroxide of Scheelin, Tungstic Add. — Fu- 
sion accompanied by combustion, volatilization, and 
a deposition of a deep blue and yellow oxide; re- 
sult, a briffht copper-coloured metallic coating on 
the charcoal. 

847. Ferriferous and Manganesiferous Oxide of 
Scheelin, Wolfram. — Fusion ready, accompanied by 
ebullition; result, a bead like magnetic iron ore, 
lustrous, but not magnetic. 

848. Metalloidal Oxide of Manganese, crystal- 
lized in prisms. Purest Ore of Manganese. — Fusion 
instantaneous, accompanied by combustion and vivid 
scintillation ; result, a metal, as white and brilliant 
as silver. 

849. Grey Oxide of Manganese, (after ignition in 
a crucible). — Fusion quick ; result, a metaUic slag, 
with dark coloured Tae\a\!^<& Va&\xe. 

850. Carburet oi Mttii^xi«&i&, Oti^ vqXmX^s&sa ^hich 
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floats on fused pi^-iron. — Fusion aooompani^ by a 
brilliant scintillation, resembling the f!re-work call- 
ed a ** flower-pot ;" result, a bead with a bright 
metallic lustre, magnetic. 

851. Black Oxide of Cobalts — Fusion accompani- 
ed by a deposition of oxide, resembling Brunswick- 
black varnish ; result, a metal, silvery, ductile. 

852. Crystallized Sulphuret of Zinc, Resin Blende. 
— Fusion accompanied by a sapphire-blue flame, 
volatiliatation, and deposition of a white oxide ; re- 
sult, a metal, disoemible in the centre of fused ore. 

853. Nickel, alloyed with PallacUum. — Equal 
bulks placed together on charcoal, easily formed a 
malleaole alloy, surpassing in lustre the most splen- 
did metals known ; fit for telescope mirrors. 

854. Nickel alloyed with Iron, equal parts by 
bulk. — ^Fusion accompanied by vivia combustion, 
previous to their union ; result, a globule of white 
and highly-rolendid alloy. 

855. Tin Oxide, Wood Tin. — Fusion accompani- 
ed by a violet flame, scintillation, dense white fumes, 
and deposition of white oxide ; result, a jet-black 
slag, not metallic, though with metallic lustre. 

§56. Granular Tin Oxide of the Molucca Isles, 
Tin-stone in grains. — Fusion easy, accompanied by 
a violet flame ; result, tin in a perfectly malleable 
state. It was supported on chara>al. 

857. Red Iron Oxide, Fibrous Red Hematite, 
Wood Iron. — Fusion rapid, accompanied by com- 
bustion and scintillation after reduction ; result, 
a bead, nearly malleable, with metallic lustre. It 
was supported on charcoal. 

858. Iron Wire and Steel. — Fusion accompanied 
by a brilliant and beautiful scintillation ; result, a 
shower of minute globules of oxide of iron. 

859. Conibuttion of Iron Wire and of SteeL-^This aSRurdn 
one of the most brimant and beautifuiexperiments with the 
Gas Blowpipe. Very stout iron-wire is consumed almost 
in the instant that it is brought into iVve g;aaws\»^'wsA\«^^ 
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its oombuitioB is attended with tueh a vivid sdntiUatioB, 
that it displays a very pleasing fire-work. A part of the 
metal remaining fused at the end of the wire* is rendeied 
brittle by the operation. If a steel watch-spring be sub- 
stituted for the iron- wire, the effect is yet more striking; 
the combustion of the steel literally causing a shower oi 
fire. 

860. Atmospheric Iron Ore^ Meteoric Stones.— 
Fusion momentary^ accompanied by ebullition and 
combustion ; result^ a dense iMiad^ magnetic^ and with 
metallic lustre^ but not quite reduced. It was sup- 
ported on charcoal. 

861. Copper Wire. — Fusion rapid, accompanied 
neither by ebullition nor combustion. 

862. Alloy of Copper and Tin, Antient Bronze. — 
Fusion rapid, accompanied neither by ebullition nor 
combustion. 

863. Copper aUqyed with Zinc, Brass. — Fusion 
accompaniea by a green flame, flashes of light, sput- 
tering noise, and deposition of white oxide of zinc. 

864. Ores of Silver, and Pure Silver.— Take fire, 
bum with a light green flame, the metal being 
instantaneously sublimed in dense white fumes. 

865. Silver with the Metal of Barytes, formed 
an alloy which retained a metallic appearance for 
two months ; but then, upon exposure to atmosphe- 
ric air, assumed an earthy form. 

866. Combustion of Pure Gold. — The metal was 
made to adhere, by borax, to a tube of pipe-day. 
Upon exposure to the gaseous flame, the gold was 
volatilized, the pipe-clay partially fused, and the 
borax exhibited a beautiful glass of gold. The end 
of the tube was coated with the metal, and sur- 
rounded by a circle of oxide, of a most exquisite rose 
colour, exhibiting a striking appearance. 

867. Arenaceous Ore of Platinum, Platina.— 
Fused ; result, a globule of brittle alloy ; aspect dull. 

868. Pure Platmum.—Fusion very easy, accom« 
panied by boiling, combustion, and scintillation; re- 
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sult^ a mass of pladnum. It melted as easy as lead 
does in a common fire. 

869. Platinum alloye(l with the metal of Barjrtes. 
— One grain of each was supported together, in m 
charcoal crucible; the result of the rasion was ft 
bronze-coloured metallic alloys Which weighed two 
grains^ and fell to powder in 34 hours. 

870. Platinum with Silver. — The alloy was easily 
formed on charcoal; extremely maUeable; lustre 
equal to pure silyer; harder tlian direr; might be 
Useful in the Arts or in coinage. 

871. Platinum with Gold.— The alloy was formed 
easily on charcoal; colour and specific gravity ae<- 
cordmg to the proportions of the two metals* 

872. Platinum with Co]pper^ equal parts by weight 
— Fusion easy^ accompanied by a venement ebaui« 
tion; result^ an alloy remarkably fusible; soft; 
malleable ; in colour and specific gravity r6sembHng 
gold. 

873. Platinum with Iron, equal parts by weight. 
•—Produced in a charcoal crucible, a combustion 
like a brilliant fire-work ; the result was malleabi^ 
extremely hard, and higUy lustrous. 

874. Platinum with Iron, in equal parts by bulk* 
— Result, an alloy, brittle, and exhibiting a minute 
but brilliant crystallization. 

875. Pure Palladium. — Fusion easy, accompanied 
b]r combustion and scintillation; result, a globule 
with a tarnished aspect. 

876. Palladium with the metal of Barytes.— The 
latter was supported on the former, and the result 
was an alloyed surface, resembling bronze varnish. 

877. Palladium with Copper, in equal parts by 
bulk. — Fusion rapid; accompanied, auer union, by 
scintillation ; result, an alloy, pale coloured, highly 
lustrous, very soft, very fusible. 

878. Brittle Regulus of Rhodium, after purifica- 
tion by a process in the humid way. — Fused; re- 
sult, pure rnodium, perfectly mcdleable. 
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879. Pare red-coloured Muriate of Rhodium.— 
FuaioD easy^ accompanied by combustion, vehement 
ebttllitioii, and volatilization ; result, a brilliant me- 
tallic gbbule, maUeable. It was supported in a 
charccNil crucible. 

880. Very Pure Granular Ore of Iridium. — Fusion 
accompanied by ebidlition, scintillation, and deposi- 
tion or reddish oxide ; result, a vitreous oxide of iri- 
dium. It was supported in a plumbago crucible. 

881. Grranular Ore of Iridium and of Osmium. — 
Fusion difficult, accompanied by combustion and 
volatilization ; result, a metallic globule exceedingly 
hard ; very lustrous. 

882. Crystallized Carbon, Amber-coloured Dia- 
mond. — ^Became limpid : colourless; white; opaque; 
diminished in bulk and weisht ; was covered with 
bubhies ; shone with a metallic lustre ; and was all 
volatilized in three minutes. It was supported in a 
charcoal crucible. 

883. Carburet of Iron, very pure Plumbago. — 
Fusion exceeding difficult, accompanied bv vivid 
scintillation, but no change of colour; result, pro- 
duction of many very minute dark-coloured glass 
gkiboles, of an unknown nature. 



MR GURNET'S EXPERIMENTS WITH HIS 
OXY-HYDROGEN BLOWPIPE. 

884. I have never yet submitted any substance to 
the action of the instrument, which did not in some 
way or other give way before it 

885. Gun Flints fuse instantly, and run into trans- 
parent glass — ^like stones. They should be calcined 
prior to being submitted to the blowpipe, otherwise 
their water of cryEta!ii\ii&tion occasions tibem to fly 

into small pieces. 

886. Porcelain o£aXV\ixi^^J^^«»»^l\«5u^^ 
ing a beautiful opaqjie V\tn$ic».>ao\i^ 
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887. Common China melts into perfect crystal. 

SBSk Tobacco Pipes fuse easily, and become vitri- 
fied, assuming a yellow colour. 

899. Rock Crystal fuses and gives out considerable 
light during the operation. 

890. The Diamond bums and becomes dissipated 
iastantly, producing a fine orange-coloured light. 

891. All the Precious Stones melt, generally, into 
transparent substances. 

892. The Earths are all strongly afiected by its 
intensity, and exhibit very striking and beautiful 
phenomena : — Magnesia throws ofi^ brilliant sparks, 
and fuses into hard granular particles, which scratch 
glass. 

893. All the Metals fuse, and, if the operation is 
prolonged, inflame. 

894. A large Steel File burnt in a most astonish" 
Hig manner; in fact, it produced a brilliant fire- 
work ; the globules first separated were thrown seve- 
ral feet in the atmosphere, where they created the 
most beautiful scintil&tions. 

895. Steel and Iron in every form, also, Grold, 
Silver, and Copper, melt and burn very easily ; as« 
suming vivid colours. Platinum fuses and scintil« 
lates. 

896. Stones, Slates, and Minerals of every descrip- 
tion, melt, or are volatilized. Indeed, they appear 
to be torn into pieces, as it were; their elements 
subliming and forming new combinationB with eadi 
other. 

897. By mixing with Gun Flints^^ &c in a state of 
fusion, metals and other substances capable of im- 
parting vivid colours, very beautiful artificial gemt 
may l^ formed. 

898. The light produced by burning Magnesia is 
so powerful, that the eye can scarcely look on it ; 
while that accompanying the infiammation of pure 
Lime is so intensely brilliant, as to be absolutely 
insupportable. It reseniblea dv3-^\<^X) vci\ *^cs5aB^^ 



282 CHEAP TABLE BLOWPIPE. 

all Other artificial light into shade. One of our 
largest theatres might oe illumined by it with splen- 
did effect ; and^ however fanciful the idea may be^ 
I cannot help thinkings that light produced in this 
manner^ mignt be used with great advantage in light- 
houses. 

899. I have melted by this instrument a platinum 
bar a quarter of an inch in diameter ; and nave kept 
six ounces of that metal in fusion at one time by 
the jet. 

CHEAP TABLE BLOWPIPE. 

900. The construction of a temporary blowpipe to 
supply, in cases of necessity, the place of a table 
instrument (45), is not difficult. A piece of glass, 
pewter, or any other pipe will convey the air, and 
being tied to a weight or stand, or even a candle- 
stick, may be arrang^ at the proper height, that its 
jet may accord with the lamp to be used. The first 
rough jet may be made b^ drawing out a piece of 
small glass tube in the spirit lamp, or a canole^ and 
being attached to the apparatus, a second and proper 
jet may be made by means of it, out of a uiicker 
piece of tube, and substituted for the smaller one. 
Instead of the beUows a large bladder may be used, 
or what is better, a bag made of oiled silk, or some 
of those fabrics now sufficiently common, in which 
doth is rendered air tight by caoutchouc. This may 
be placed under one end of a board with weights 
upon it, or within a portfolio, subject to pressure^ 
and the air may be thrown into it from tne lunm 
by another piece of tube sufficiently long to rea3i 
to the mouth. This tube will reauire a valve to 
prevent the return of the air, and we simplest that 
can be constructed for the purpose, in an extempo- 
raneous manner, is perhaps the foUowing : — 

90L A piece of any tube of about the diameter of 
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that rq>re8ented by fig. 61,, having a smooth and 
level end^ is to be selected^ and also a strip of black 
oiled silk of a width rather more than the external 
diameter of the tube^ or if that be not at hand^ a 
piece of ribbon of the same widths which has been 
rubbed with wax^ so as to have the interstices in it 
fiUed up without destroying its flexibility. This is 
to be adjusted loosely over the end of the tube^ and 
the extremities folded down on opposite sides^ and 
tied with a piece of thread ; the silK itself not being 
so tight^ but that by applying the mouth to the 
opposite end air may be easily blown through the 
tube, and out at the extremity between it and the 
silk ; and yet so near that a pressure being exerted 
in the opposite direction, the silk will be carried 
against the end of the tube, and prevent the air 
from passing that way. — ^The tube by which air is 
to be thrown into the bag from the mouth, is to 
have such a valve constructed at its extremity, which 
is to be introduced through a hole made in the bi^, 
and tightly tied in it by a few turns of twine. §o 
arranged, the bag is easily filled by air from the 
lungs, which being gradually expelled at the jet, 
gives energy to the name. All the tubes required 
for this instrument, except the jet, may be made 
even of paper. 

902. The elasticity of writing paper is such, that a tube 
constructed of three or four evoIutioDS, being tied round 
with tf/ine, and preserved from rough treatment, may be 
considered as air tight at low pressures. When the edges 
of the paper are pasted, the tightness is more permanendy 
insured. Tf the whole of one side of the paper be pasted 
before it be rolled up, the tube will be still tighter and 
stronger, and being then varnished or covered with a coat 
S» drying oil, will serve for the conveyance of steam and 
Water, as well as of ^es. Waxed paper also makes ex- 
cellent tubes for sinular purposes. The tubes whidi are 
pasted or cemented toeetaer, are easily made by folding 
them upon a round nuer or wooden rod, or upon a thicK 
wire, a piece of loose paper having been first put upon the 
rod, to permit of the tube's ready removal when finished. 
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90S. A Ismp for tbch « blowpipe it fOMi fittdt 
iipl a bandit of cotton tbriodli moei at wm Mm 
of any mall Tcoiel flUed #itii oO| will lma#«r dh» 
pnrpoae^ and none ia more eoatadent ilian a Mtda 
Wcdsewoodor irva^oMiiig basins— ArodOfSr on C%o« 



HOW TO HOLD THE BLOWPIFB; * 

(K)4. "^ Tke VkfM or eandle riionld be hm, tiart 
wliilit niintf the bMWpipe the araw may mfc ateadfly 
M the tablei The band ahooid lay hold of: ikm 
instrument a« fat from tba ttOMlii aa coiiTaBian^ 

SeaWr fteedom of motlim being Ihua obtained^ and 
e left or the riglM; hand ihould be need indilw 
fel'ently. SteadineM is requisite^ and it shkmld be 
the constant endeavoar of the student when he ia 
nsing the instrument, to obtain the power 6f so 
apjportioning his breath, and of retainina the instnui 
ment and the flame, that the latter shall appear lika 
a fixture^ and neither change in aj^earance nac 
direction for several minutes together ; yet this widi 
such lightneaB of touch and easy hold, that he mmy 
at pleasure send the flame in any direction^ and 
upon any place he pl6ases."-^j^arfi<ftty* 



TOFrS BLOWPIPE. 

90£. This instrument was first described by Dr £• 
D. Clarke> in an article, in the Annals of Philoso- 
phy, '^ Upon a New Hydro- PneUmadc Blowpipe, so 
constructed as to maintain during two hours. Unin- 
terruptedly, a De^ee of Heat capable of melting 
Platinum; and tms by foropelling the Flame ^ a 
Bmall WuL Taper with Atmowpheci^ AAx/'<^ 
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906. '^ The advantages of the old instrument 
(the Common Hydro-Pneumatic Blowpipe)^ con- 
sisted in the operator having hoth his nands at 
liberty; and in the relief which it afforded from 
that fatigue and possibility of injury to the lungs 
incident to a protracted restraint on their free ac- 
tion^ to which persons using the common mouth 
blowpipe were liable. To these advantages^ which 
the new instrument also possesses, we may add the 
following : — 

907. " £ither common air, or any other gaseous 
fluid may be used for the propelling current, by 
condensing it in the reservoir, and thus experi- 
inents may be made on the fusing powers of the 
different gises with perfect ease and convenience. 

908. "The power of entire exhaustion possessed by 
the new instrument, ensures the operator from any 
admixture of common air, where oxygen gasy or any 
other gaseous fluid is to be employed. 

909. *^ The old instrument, although very useful 
for bending tubes, or other ordinary purposes, re- 
quired to he repeatedly restored to action by fresh 
supplies of air, at intervals seldom exceeding five 
minutes, in the common-sized instruments. In the 
new instrument there is this great improvement; 
that a steady flame of two hours' continuance may 
be maintained, of the most perfect shape and um- 
fbrm temperature, uninterrupted by casual currents 
from the pneumatic reservoir. 

910. "The troublesome interruptions caused by 
the ejection of water, whUe supplying the apparatus 
with air, which were common m the old instrument, 
do not luippen in the new one. 

911. " Tne new instrument may remain unemploy- 
ed for any length of time, being alwavs ready n>r 
instantaneous use, and requiring no otner prepara- 
tion than merely that of lighting the wax taper em- 
ployed to supply the flame* 
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912. *' The manner in which thit instmment was 
brought to its present ttste of perfection, affl>rd8 an 
anecdote which may not be uninteresting to the 
reader ; because it will show the force of mechani- 
cal skill, as it is sometimes remarkably conspicuous 
in uneducated minds. A serrant of mine, who has 
been frequently employed in attendance during my 
lectures m mineral^^, seeing me reject the old in- 
strument as unfit for the uses to which I wished to 
apply it, asked me the reason of my setting it aside. 
To this I answered that the short space of time in 
which it continued to propel the flune rendered it 
inconrenient ; and that 1 would rather use the com- 
mon mouth blowpipe than be liaUe to such frequent 
interruption from tne necessity of supplying it every 
five minutes with fresh air. This caused him to 
inspect the inside of the instrument ; when he simply 
observed, '^ It is very awkwardly contrived; I could 
make a better myself!" and in good earnest, with- 
out further commimication with me upon the sub- 
ject, he fell to work, and produced the new improv- 
ed apparatus which it is my present purpose to de- 
scribe, and to make as generaUy known as possiUe. 
The inventor's name is Johnson Tofts, Upon the 
principle which he has adopted for the improvement 
of his blowpipe, such instruments are now manufac- 
tured in London. By means of one of these instru- 
ments, gold might be exhibited in a state of con- 
tinual fusion for almost any length of time. 

913^ '' A trial has been made of the use and pdwers 
of this improved blowpipe throughout an entire course 
of public lectures in mineralogy before the Univer- 
sity, with such success, as to produce sufficient proof 
of its convenience and efficacy. The effects Witness- 
ed when oxygen gas was employed exceeded those 
utUBlly proauced oy lYie same agent fronl a gasome- 
ter; owing to the coT^decaie^ ^\^\)&YCi which the gas- 
was propefied ; while t^e oowfc N^^s^Tsv^^^TSssstfexaan- 
ageahle. Pktinum Yriie oi wjsnft ^^\i^«^^^S»sR8i.\ 



TOTT 8 BLOWPIPE. 



287 



platiniiiQ foil offered no resistance whatever. The 
ptee] nudnspring of a watch underwent hrilhant com-i 
bastion. And even when the instrument is charged 
with common atmospheric air^ thin cuttings of pla- 
tinum foil sustain an instantaneous f^ion. 

914. f* Had we possessed this apparatus hefore the 
gas blowpipe was invented^ many of the results ob- 
•tained by tnat powerful instrument woidd have been 
anticipated. It is not to be expected^ however, that 
the fusing powers of the two blowpipes can be com- 
pared together ; but from the safety of Toft's blow- 
pipe, a child may use it; whereas the other would 
pe indeed a dangerous toy." 
1 J c D 915. The diagram in 

S4 inches^ the margin will exhibit 
the construction of this 
improved hydro-pneu- 
matic apparatus. When 
**• the instrument is charg- 
lO^iQcbet ed for use, A A is filled 
with air, and the water 
remains above it in the 
vessel B, whence it will 
descend through the cy- 
Under O so long as any air continues to escape 
firom the reservoir A A through the pipe J, to which 
the blowpipe jet is affixed by a stop^cock. When 
the lower reservoir contains no air, it Will be entire- 
ly filled by water.; so that whatever air or gas it 
may be desirable next to introduce will «gain dis- 
place the water, and drive it up to B, and occupy its 
place, without reeeiving any aidmixtuve of common 
air. — ^All gases are introduced by means of a bladder 
and condensing syringe, which screws by means of 
a stop-oock to the pipe I. And it has been found 
better to introduce atmospheric air with a syringe 
than to fill the reservoir with air from the lungs : yet, 
air may be blown in from the mouth if a syringe be not 
at hand. — The machine is su]^ij3!\kA.m\3!DL^^\ja>^x'^'fe. 
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water is removed from itby meansof a common syphon. 
— The usual size of one of these blowpipes is two feet 
high, two feet bng, and five inches wiofe. They are 
made of copper or tin, and enclosed in a wooden 
case, which serves as a table, and a rest for the 
arms ; the wax taper, being sunk into a cylinder at 
C, is elevated or depressed by means of a screw and 
a rack. But a stationary spirit-lamp, if it should be 
preferred, may be fixed in the same place. The 
cylinder O should be three inches in diameter, and 
reach to within half an inch of the bottom of the 
vesseL The dotted line at 12 inches shows the 
height of the water. ' At D is a small aperture for 
the admission of atmospheric pressure. The in- 
strument is so simple that a more minute descrip- 
tion of it is unnecessary. 



PHILLIPS'S SPIRIT LAMP. 

' 916. Every student should be acquainted with 
this modification of that useful instrument, the 
spirit lamp; the advantages of which consists in 
its ready construction in anv place and by any per- 
son. — Let a piece of tin plate about an inch long 
be coiled up into a cylinder of about three-eighths of 
an inch in diameter. If the edges are w^ ham- 
mered, soldering is not necessary. Perforate a cork 
previously fitted to a phial, put the short tin tube 
through the cork, and a cotton wick through the 
tube: the lamp is now complete, and capAle of 
afibrding a strong fiame. Care must be taken not 
to prevent the rise of the spirit by fitting the cork 
too closely. A cover for this lamp, to prevent the 
evaporation of the alcohol when tne instrument is 
not in use, may eaaW^ \^ xcajSa of a piece of glass 
tube closed at one end. 
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Absorption of an assay by the 

support, 141 0, 180 O 
Acids, as mineral const itu- 
ents, 187, 190, 378 
how to detect, 377 
metallic, 278 
Acid, antimonious, 266 
antimonic, 267 
arsenious, action of the 

blowpipe on, 286 
boracic, 385 
carbonic, test for, 379 
chromic, 291 
columbic, action of the 

blowpipe on, 301 
fluoric, test for, 381 
iodic, test for» ^33 
mellidc, 378 
molybdic, action of the 

blowpipe on, 295 
muriatic, test for, 383 
phosphoric, test for, 380 
succinic, 378 
sulphuric, test for, 382 
telluric, action of the 

blowpipe on, '281 
tunestic, action of the 
blowpipe on, 298 



Alcohol blowpipe, 43 
Alkalies, their nature, 187) 
190, 327 
how distinguished, 328 
Alloys, 187, 205 
Aluminum, 182, 334 
Alumina, a mineral constitu- 
ent, 334, 341 
how distinguished, 

170, 34r— 344 
how fused, 766 
Ammonia, to detect, 333 
Antimonic add, 267 
Antimonious acid, 266 
Antimony, alloys of, 270 

a mineral constituent, 

182, 183, 263 
action of blowpipe on, 

264 
oxide of, 265 
precipitate for,175 
sulphuret of, 269 
Anvil described, 110 
Apparatus used with the 
blowpipe, 91 
useful m glass-blowing^ 
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Art of maklog a good flame 
for the purpose of re- 
duction, 87f 88 
Arti/tcial gems, easy method 

of producing, 997 
Arsenic, a mineral constitu- 
ent, 182,183,284 
action of blowpipe on, 

285 
how s distinguished in 

an all(nr, 289 
odour of. when pro- 
duced, 139 D, 141 1> 
oxide of, 286 
white, 286 
Arseniates, 278 
Arseniotu acid, 286 
A»»ayy characters exhibited 
hj an, in different 
circumstances, 139, 
141, 180 
figure of an, 128 
how treated when in 

powder, 130, 133 
meaning of the term, 

122 
preparation of an, for 

trial, 122 
proper size of an, 127 
Azote, see Nitrogen. 
Barium, a mineral constitu- 
en^ 182, 334 
alloyed with silver, 865 
with palladium, 876 
with platinum, 869 
Barytes, a mineral constitu- 
ent, 334, 364 
action of blowpipe 

on, 365 
carbonate of, 366 
how fused, 767 
reduced to the me- 
metallic state, 
837, 838 
» sulphate of, 368 

lending of glass, 52, 59 



BergmatCt blowpipe, 31 
hammer, 109 
iron rin^, 110 
BerkenhouVs blowpipe, 79 
Bert support, 96 
Binary compounds, 185 
Bitmuth^ a mineral constitu- 
en19l82, 183,259 
action of blowpipe 

onr, 260 
oxide of, 261 
Black*i blowpipe, 40 
Blatty management of the, 

50,84—90 
Blowing through the tube, 
method of, 81— 83 
of glass, 52 
Blotepipe, alcohol, 43 
Bergman*8, 31 
Berkenhout's, 79 
Black's, 40 
blast of the, 84 
cheap table, 900 
Clarke's, 15-18, 71-5 
common, 29 
compound, 22 

objected to, 12 
Cronstedt's, 30 
described, 22 
directions for blow- 
ing through, 81, ^3 
directions for holding 

the, 904 
fixed, 12, 42 
Gahn's, 36 
general method of 
operating with, 137 
glass, 26, 28 
Gurney's, 20, 76—78 
Haas', 79 
Hare's, 79 
history of, 1 
Hooke's, 43 
Hume^, 79 
. hydrogen, 14 
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Bkwpipe^ hydio-pneumatic, 
49, 905 
lamp, 49, 63, 80 
Lavoisier's, 13 
length of, 23 
Magellan's, 32 
materials of, 24 — ^28 
Mel(]|prani*8, 79 
oxygen, 13 
oxy-hydroc:en,ld-20, 

71-78 
Pepys's, 39 
simple, 22, 23 
spoon, 98 
supports, 95 
table, 12, 45, 900 
temporary, 900 
Tennants, 37 
Tilley's, 46 
Toflt*8, 905 
use of, in the arts, 1 
in Chemistnr, 5-7 
with two jets, 79 
WoUaston*s, 38 
Bone ashes, how used in 
cupellation with the 
blowpipe, 132 
Borony a mineral constituent, 

182, 198 
Boracic acid, 385 

as a re-agent, 172 
Borate of soda, as a flux, 151 
Borax, use <^y 154 

to obtain pure, 155 
how to keep, 153,156 
diief distinctive cha- 
racters of, 157 
Brats, action of gas blowpipe 

00,868 
Brazil-wood test paper, 178 
Bronze, antient, action of gas 

blowpipe on, 862 
Carhon, a mineral constitu- 
ent, 182, 183, 196 
action of the blow- 
pipe on, 197 

B 



Carbonic acid, 196, 879 
Cadmiumy a mineral consti- 
tuent, 182, 251 
oxide of, 252 
Calcium^ 182, 334 
Carburets, 187, 196 
Candles, use of, 80 
Cerium, 182, 322 

oxide of, 324 
Characters of minerals before 
the blowpipe. 139, 
141, 180 
of the fluxes and re- 
agents, 150—179 
C^arcoo/ support, 54.» 96 
Cheap spirit lamp, 916 

table blowpipe, 900 
China, fusion of, 867 
Chromium, 182, 290 

oxide of, 291 
Chromic Mxi'dL^ 291 
Chromates, 278 
Chlorine, a minoal constitu- 
ent, 182, 191 
Clarke's (Dr.) experiments 
with the oxy-nydrogen 
blowpipe, 781 
gas or oxy-hydrogen blow- 
pipe, 15—18, 71—75 
Clay support, 104 
Cobalty a mineral constituent, 
182, 274 
action of blowpipe 

on, 275 
nitrate of, its use as 

a re-M;ent, 170 
oxide of7 276 
Colour of a mineral chanjg^ 
before the blowpipe, 
139 B, 141 N, 180 £ 
of die flamei changed 
• by a mineral before 
the blowpipe, 141 L, 
180 H 
of a ^k)bule> bssm na «^« 

Bl 
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Colour of the flux changed b j ! 
a minenl before tbie 
blowpipe, IflO £ 
ColumbitttHy 182, 300 

oxide of, 301 
Columbic acid, 301 
Combustibility^ an essential 
character of certain mi- 
nerals, 389, 391 
Combuttibie^ proper kind of, 
for the blowpipe flame, 
49, 67, 80 
minerals, described in- 
dividually, 397—413 
minerals, essential cha- 
racters of, 388 
Combustion of minerals, ef- 
fected by the blowpipe, 
141 M 
Common blowpipe, 29 
Compound blowpipes, defin- 
ed, 22 
objected to, 12, 42 
described, 41—79 
Copper^ a mineral constitu- 
ent, 182, 183, 226 
and tin, alloyed, ac- 
tion of gas blow- 
pipe on, 862 
and zinc, alloyed, ac- 
tion of gas blow- 
pipe on, 863 
alloyed with plati- 
num. 872 
allo^ea with palla- 
dium, 877 
ex]3eriment of reduc- 
tion with soda 
and, 166 
mineralized, 231 
oxide of, action of 

blowpipe on, 227 
oxide of, its use as 

a test, 177 
i^recipitate for, 175, 
2W 



Copper J mlphiint of, 231 
salts of, 230 

Cronstedi^s blowpipe, 30 

Cumming"^ safety-cylinder 
for the blowpipe, 71 

Cupellationi how performed 
with the blowpipe, 132 

Cyanite support, lOl 

Description of blowpipes, 22 

DecrepitaiioHy when to be 
noticed, 139 C, 141 £ 
meaning of, 133, 108 

DecrejntaHi^ 8ubstances,the 
manner of (metating on, 
133-5 

Detonation occasioned by the 
blowpipe, 180 F 

Deoxidatwny to effect, with 
the blowpipe, 87 

Disthene support, 101 

Dropping tube, 1 lb 

Earths, what, 187, 190, 334 
how fused, 758,892 

Earthy minerals, essential 
characters of, 39^1 
described individu- 
aUy, 648—738 

£l/Jl^vescence of minerals be- 
fore the blowpipe, 141 1, 
180 C 

Electrometer, its use, 116 

Electroscope, its use, 116 

Electricity of minerals, how 
examined, 116 

Elementary bodies which en- 
ter into the composition 
tion of minerals, 181 

EolipUe blowpipe, 44 

Externai characters of mi- 
nerals, 123 

Figure of an assay, 128—130 

Files, use of, 59, 112 

Filters, washing of, 115 

Fixed blowpipe, 12, 42 

Flaming, operation of, how 
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Flameofihe blowpijpe, colour 
of, how afiected by mine- 
rals, 141 L, 180 H 
management of the, 60, 84 
nature of, 89 
oxidatinff, 86 
proper kind of, for the 

blowpipe, dO— 70, 80 
reducing, 87 
Flint, how fused, 773, 885 
Fluxety phenomena develop- 
ed by minerals when ex- 
posed to the blowpipe 
iiame, <m charcoal, with 
the, 180 
nature and uses of, 143>7 
individual characters of, 
160—179 
- how kept, 163 

the most useful, 161 
Fluor-spar, its use as a re- 
agent, 173 
test for, 173, 381 
Fluorine, a mineral constitu- 
ent, 182, 193 
Fluoric acid, how detected, 

381 
Fluates, easy mode of delect- 
ing, 381 
Forceps, use of^ 107, 108 

for decrepitating sub- 
stances, 108 
Fuel for the blowpipe flame, 

49, 67, 80 
Fumes produced before the 

blowpipe, 141 K 
Fusion 01 minerals before the 
blowpipe, 141 O, 
180 A 
FusUm, extraordinary power 

of, 884, 899 
GaAn*« blowpipe, 36 
Gas blowpipes, 13, 16—20, 

71-78 
General method of operttting 
wiOi the blowpipe, 157 \ 



General method of examin- 
ing minerals, 394-6 
Glass-Bhwers* blowpipe, 46 
blowpipes, 26, 28 
jets, now formed, 69 
matrass, use of, 106 
pinching, art of, 1 
support, 103 
tubes, use of, 106, 120 
tubes, instruments for 
cutting, 69 
widemng, 62 
Globule jaodvLced before the 
blowpipe, how examined, 
141 P, 180 £, 180 I, 396 
Glucina, 369 

how fused, 769 
Glueinum,lB2,d3i 
Gold, a mineral constituent, 
182, 183, 211 
action of the blowpipe 

on, 212 
alloyed with platinum, 

combustion of, before 
the gas blowpipe, 
866 
volatilization of, 760 
Gumey*s experiments with 
the ox^-hydrogen 
blowpipe, 884 
oxy-hydrogen blow- 
pipe, 20, 76 
Gypsum, its use as a re- 
agent, 173 
testf or, 173,360 
its constituents, 186 
Haas* blowpipe, 79 
Harems blowpipe, 79 

expermients with the 
oxy-hydrogen blow- 
pipe, 766 
Hauy's electroscope, 116 

magnetip needlejl 17 
test «€ xfiAiCBfiXaBB^ 
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Hardness^ an enential clia* 
racterof minerals, 389 
of minerals, how tried, 
113 
Hdmmerfy use of, 109 
Heaty point of greatest, in 
Uowpi]>e flame, 84 
gradual application of, 
advantageous, 395 
Hittory of the blowpipe, 1 
Hooke 9 blowpipe, 43 
How to hold tne blowpipe, 

904 
Hume's blowpipe, 79 
Hydroitatic blowpipe, 79 
Hydrogen, a mineral consti- 
tuent, 182, 194 
Hydrates, how known, 386, 

139 A 
HydrO'pneumatic blowpipe, 

46, 905 
JncombustibiRty, an essential 
character of certain mi- 
nerals, 389, 391 . 
Insolubility, an essential cha- 
racter of certain mine- 
rals, 391, 392 
Intumescence of minerals be- 
fore the blowpipe, 141 
H, 180 B 
Iodine, 182, 183, 192 
lodates, to detect, 883 
Iodic acid, 383 
Iron, its use as a re-agent,175 
a mineral constituent, 

182, 183, 233 
action of blowpipe on, 

234 
alloyed with nickel, 854 
alloyed with platinum, 

878^ 
oxide of, 236 
riDg^ use of, 110 
wire, combustion oi, 
868. 869 
-iridium^ 182, S13 



JetSf blowpipe, how deaaed, 
25 
of different sizes neces- 
sary, 31, 56 
of glass, how £Mmed,59 
use of, 31, 33, 84 
Knife to cut glass tubes, 59 
▼ariotts-usesof, 113 
Lamp^ wick, to adjust, 63, 
55,68 
substitute for, 69 
utitityof,80 
form of, 49 
Lavoisier*s blowpipe, 13 

experiments with the 
oxygen gas blow- 
pipe, 755 
Lead, a mineral constituent, 
183,248 
action of blowpipe on, 244 
oxide of, 245 
precipitate for, 175 
used m cupellation, 132 
Length of the blowpipe, 23 
Lensi use of, 114, 165 
Lightf intense, how produc- 
ed, 771, 898 
Lime, 934, 345 

action of blowpipe on, 

340 
carbonate of, 347 
how fused, 771, 783 
sulphate of, 350 
Litmus test paper, 178 
Lithium, 182, 327 
Li/^M, 327, 332 
Lustre, an essential character 

ofminerahi,390,391 
Manganese, a mineral con- 
stituent, 182, 271 
amusing experiment with, 

146 
oiide of, motion of blow- 

M<iffi(ci^> %tS!oafiRn&LtHQaiti- 
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Magmena^ action of blowpipe 
on, 352 
carbonate of, 355 
fusion of, 772 
how distinguished, 170, 
352^ 
Magnetiuvn^ a mineral con- 
stituent, 182, 334 
MagnetUm of minerals, how 
examined, 117, 118 
produced in minerals by 
roasting, 141 F 
Magnetic apparatus, 117 
ilfff^f^fi^lens, 114, 165 
MageUarCi blowpipe, 32 
MatroM^ phenomenon deve- 
loped by minerals when 
heated, alone, in the,l39 
use of the, 106 
Material* of which blowpipes 
should be made, 24-— 28 
Mercury^ a mineru consti- 
tuent, 139, 182, 183,222 
ores of, how assayed, 223 
oxide of, 224 
sulphuret of, 225 
MetalHc acids, 278 

lustre,to distinguish 
true from false, 
391 note 
lustre, an essential 
character of mine- 
rals, 390, 391 
minerals, essential 
characters of, 390 
described indi- 
vidually, 414 
—547 
oxides,habitudes of, 

204 
oxides, combustion 

of. 762 
sulphurets, how as- 
sayed, 201, 202 
support, 97 
Mefals, table of, 182 \ 



Method of blowing throu^ 

the tube, 81->83 
MelogranVs blowpipe, 79 
Minerals^ bodies which enter 
into the composition of, 
181-.386 
combustrble, described, 

397—413 
combustible, characters of, 

389 
earthy, characters of, 391 

described, 548—738 
general method of examin- 
ing, with the blowpipe, 
394 
metallic, characters of, 390 
described, 414—547 
names of, how to learn, see 

Introduction- 
saline, characters of, 392 

described, 739—754 
phenomena which they de- 
velop before the blow- 
pipe, on charcoal, alone, 
141 
phenomena which they de- 
velop when heated in the 
matrass, alone, 139 
phenomena which they de- 
velop before the blow- 
pipe, on charcoal, with 
fluxes, 180 
Mineralized copper, 231 
Mica support, 102 
Microcosmic salt, 151 
Mic» salt, use of, 168 

to obtain pure, 167 
way to keep, 153,168 
Mortar y use of, ill, 164 
Molybdemtm, a mineral con- 
stituent, 182,293 
action of blowpipe on, 
294 
Molybdic add, action of 

blowpipe Qn\^7!^V 
Mol)|bdatet^*£l^ 
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MuriaHc add, to detect, 38S 
Muriates^ test for, 383 
Nature joi Haxne, 99 
fluxes, 143 
re-ag^nts, 148 
Needle, magnetic, 117 
Nickel, precipitate for, 175 
a mineral constituent, 

182, 247 
action of blowpipe on, 

248 
allowed with palla- 
dium, 853 

with iron, 854 
oxide of, 249 
Nitrogen, a mineral consti- 
tuent, 182, 195. 
Nitric acid, 384 
Nitrate of Cobalt, its use as 

are-agent, 170 
Operatiotu performed by the 

blowpipe, 131_136 
Osmium, 182, 307 
Oxidation, how produced 
with the blowpipe, 86 
substance for promoting, 

171 

Oxidet, nature of, 187, 190, 
204, 306 
how reduced, 87, 162 
in fine powder, how 
produced before the 
blowpipe, 141 K 
Oxide of copper, its use as a 

re-agent, 177 
Oxygen, a mineral constitu- 
ent, 182, 183, 190 
blowpipe, 13 

lAivoisier's experi- 
ments with, 755 
Ojiy^ydrogen blowpipes, 
16—20, 71-78 
blowpipe. Hate's en- 
I>eriment8 with, 7^ 
C9arke*8 expeniikeii\& 
wlth^ 781 



OxyJiydrogen blowpipe, 

Gumey*s experiments 
with, 884 
Palladium, a mineral consti- 
tuent, 182, 183, 220 
alloyed with barium, 876 
copper, 877 
nickel, 853 
fusion of, 875 
Paper tubes, 902 
Pepys'i blowpipe, 39 

forceps, 108 
Pestle and Mortar, 111, 164 
Phenomena presented by mi- 
nerals when exposed to 
heat in difTerent circum- 
stances, 139, 141, 180 
Phenomena presented by the 
bodies which enter into 
the composition of mine- 
rals, wnen exposed to 
the action of toe blow- 
pipe, 181 
Phiuips*s spirit lamp^ 916 
Phosphorescence of minerals, 

how observed, 395 
Phosphorus, salt of, its use 
as a re-agent, 151 
a mineral constituent, 
182, 203 
Phosphates, test for, 380 
Phosphate of soda and am- 
monia, 151, 167 
Phosphoric acid, test for, 172 
how detected, 380 
Platinum, a mineral consti- 
tuent, 182, 183, 206 
action of the blowpipe 

on, 207 
alloyed with barium, 869 
copper, 872 
^old, 871 
iron, 873-4 
^VLver, 870 
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Platimm^ oxide of, 210 
spocm, 98 
sapport, 97 
wire, 100 

▼oladlization of, 760 
Pfa^ofmica, 102 
day, 104 
Pliers, use of, 120 
Pneumatic blowpipe, 46, 905 
Porcelaim, fusion of, 780, 886 
Potassium, a mineral consti- 
tuent, 182, 327 
Potass, how known, 329 
carbonate of, 330 
Preparation of an assay for 
examination by the 
blowpipe, 122— 130 
Precious stones, action of gas 

blowpipe on, 76B, 891 
Prfwer supports, 95 — 108 
QmcksUver, see Mercury. 
Reduction, how effected with 
the blowpipe, 87 
substance for promot- 
ing, 174 
Reducinff •process^ 162 — ^166 
Result of an experiment made 
with the blowpipe, 137 
of assays, differences in 
the, 141 P, 180 I 
Retort stand, addition to, 119 
Re-agents, nature and uses 

of, 148, 149 
Rhodium, 182^ 309 

fusion of, 878 
muriate of, 879 
jRofiusedin glass blowing, 62 
2{M(^iii^,howiperformed with 

the Dlowpipe, 131 
Rules for conducting the as- 
say of a mineral, 394-6 
for learning the names of 
minerals, see Introduce 
fion. 
Salt of phosphorus, its use as 
a flax, 151 



Saltpetre, its use as a re- 

ag^ent, 171 
5a/tnr mmerab,e8sential cha- 
racters of, 392 
described individual- 
ly, 739—754 
Safety-cylinder for Clarke's 

gas blowpipe, 71 
Safety-chamber for Gumey's 

blowpipe, 78 
Screen, use of, 48. 61 
Self-acting blowpipe. 43 
Selenium, odour or, when 
produced, 139 D, 141 C 
by what indicated, 283, 

304, 139 D, 141 C 
a mineral constituent, 182, 
303 
SeUniureU, 303, 305 
Silica, skeleton of, how pro- 
duced, 180 A 
a mineral constituent, 

334-5 
action of blowpipe on. 

336 
its use as a re.ag^nt,176 
pure, action of gas 
blowpipe on. 821 
Silicates, action of blowpipe 



on, 338 



Silicium, 182, 334 
Silver, a mineral constituent, 
182, 183, 215 
action of blowpipe on, 

216 
action of gaa blowpipe 

on, 864 
alloyed with barium, 
865 

with platinum, 870 
oxide of, 218 
volatilization of, 760 
Size of an assay, 127 
Simple bodies which enter 
into the cxycBc^css^oss^k 

cc 



886 .^ ,*4 I Tsa«i'.Wowl>»V«».*J^ol 



f 



*"" oxide °''/-?o 

^*->SS.Sd coS«««* 
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INDEX TO THE MINERALS. 



299 



Totu^utone, 120 
Tongi, use of, 60, 120 ^ 
Tobacco pipes fused, 888 
Toft'*s hyaro-pneumatic 

blowpipe, 905 
Transparency of a mineral, 
how affected by the 
blowpipe, 180 D 
Tray, use of, 67, 121 
Turmeric test paper, 178 
Ternary compounds, 189 
Tubes, use of, 105, 120 
Tube for dropping water, 115 
Tungstenum, 182, 297 
Tungstic add, 298 
Tungstates, 278 
Uranium, 182, 314 

oxide of, 316 
Uses of the blowpipe, 1, 6, 7 
fluxes, 143 
re-agents, 148 
Volatile matter, given off by 
minerals when heatea, 
139 D, 141 A 



Volatilization produced by 
the blowpipe, 139 D, 
141 A, K 
Water given off by mintsrals 
when heated, 139 A, 
386, 395 
Washinff tube, 116 

of the assay, in reduc- 
tion, how performed, 
164,165 
Wilkinsons safety-chamber 
for the gas blowpipe, 78 
Wodanium, 182, 326 
Wollaston's blowpipe, 38 
Vttna, 334, 362 
VttHum, 182, 334 
Zincy a mineral constituent, 
182,254 
action of blowpipe on, 

255 
oxide of, 257 
Zirconia, 334, 056 

fusion of, 770 
Zirconium^ 1^, 334 
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Acty oolite, 588 
Actinote, 588 
Adamantine Spar, 

656 
Adhesive 8late,730 
Adularia, 602, 686 
Agaric mineral, 

550 d 
Agate, 691 g 
Agalmatolite, 707 
Aigue marine, 

834 
Alabaster, 645 d 
Alalite, 585 
Albite, 605 
AUoDite, 074 



Almandine, 660 
Alum, native, 741 
Alumina, snb-sut- 
phate, 737, 808 

mellate, 412 

pure, 804 

Bubphostate, 719 
Alununite, 737 
Alum-stone, 713 
Amalfi:am, natire, 
440 

silver, 440 
Amber, 196, 404 
AmblVgonite, 682 
Amethyst, d94 c 
AmianthttB, Q4& 



Ammonia, muri- 
ate. 752 

Amphibole, 587 

Amphig^ne, 717, 
779,832 

Analcime, 638 

Anatase, 585 

Aodalasite, 664, 
811 

Anhydrite, 621 

Anhydrous Gyp- 
sum. 621 

AnfbophTlllte,675 

Anthracolite, 650 n 
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Antimony, Automalite, 670, Brown spar, 667, 

grer, 420 818 706 

plumose, 460 Axe-stone, 681 Buntkupfererz, 

native, 423 Axinite, 676 484 

arsenical, 418 Azure- stone, 614 Cacholong^ 721 

oxide, 430 Azurite, 614 Cairngorum, 694 

earthy, 429 Baroselenite, 692 Calcium, oxide, 

sulphuretted, Barium, oxide, 837 783 

426 Bary Uc earth, 766, Calctuff, 660 o 

plumose, 460 837 Calc spar, 660 a, 

red, 426 Barytes, pure, 766, 706 

sulphuret, 269, 837 Calcareous spar, 

420, 460 carbonate, 664, 660 a, 706 

white, 430 693 ' Calc-sinter, 660/ 
Antimonial ochre, sulphate, 692 Calaminaris, 641 

429 Basalt, 691 Calamine, 644, 662 

A nthracite, 410 Bell-metal ore, 627 electric, 646 
Apatite, 696, 796 — Bergman nite,684 a Carbon, mineral, 

797 Beryl, 600,689, 777 409 

Aphrite. 660 e schorlaceous, crystallized, 882 

Apophyllite, 632 666, 820 Carnelian, 691 a. 

Aquamarine, 600 Siberian, 834 776 

Arragonite, 651, Bismuth, glance, Carpholite, 623 

612, 786 446 Cat^-eye, 688 

Ar8enic,bloom,462 native, 419 Cawk, 592/ 

native,^417 ochre, 428 Celestine, 594 

oxide, 463 oxide, 428 Cerite, 642, 840 

sulphuret, 427 sulphuret, 446 Cerium ore, 642 

white, 463 Bitterspar, 666 silic. oxide, 840 

Arsenical pyrites. Bitumen, 399 Ceylanite, 660 

433 Blende, 628 Chabasie, 616 

Arsenieus acid, cadmii'ereu8,528 Chabasite, 616 

463 Blacklead, 411 Chalcedony, 691, 

A8be8tns,642 Black Jack, 628 774,827 

common, 642 Blood-stone, 691 /Chalcolite, 640 

flexible, 643 Blue John, 697 Chalk, 650 /, 711, 

ligniform, 644 Bolognian stone, 787 

variety. 662 692 black, 646 

wood, 644 Bole, 649 red, 609 

Asphaltum, 399 Boracic acid, 747 Charcoal, mineral. 

Asparagus-stone, Boracite, 196, 611 409 

696 Borax, 198, 748 Chert, 695 

Atmospheric iron Botryolite, 608 Chiastolite, 699 

ore, 860 Bonmonite, 447 Chlorite, '^' 



Augite, 686, 682 Brimstone, 406 Chlorite slate,6a5c 
varieties, 686-6 BromAte^^Tl^^in: Chlorophaiie,697a 
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Chrome ore, 547 
Chroinite, 842 
Chromium, ferrif. 

oxide, 842 
Cbrysoberyl, 659, 

812 
Chrysocolla, 492 
Chrjsolite,672,812 

variety, 688 
Chrysoprase, 700 
Cimolite, 727 
Cinnabar, 225, 425 

hepatic, 466 
Chucky stanes, 

694 6 
Cinnamon-stone, 

665 
Clay,ailuvial,647a 

brick, 647 a 

earthy, 647 a 

fire, 732 

indurated, 732 

pipe, 647 

porcelain, 726 

potter's, 647 b 

pure, 737 

slate, 629 

slaty, 647 b 

Stourbridge, 732 
Cleayelandite,605 
Clinkstone, 617 
Coal, black, 402 

blind, 410 

Bovey, 400 

browQ, 400 

candle, 403 

canne], 403 

common, 402 

foliated, 402 

fibrous, 400 

glance, 410 

Kilkenny. 410 
• Kimmeriage400 

parrot, 408 

pitch, 401 

slate, 402 



Coal, stone, 410 

wood, 400 
Comolite, 801 
Cobalt, arseniate, 
464 
arsenial, 434 
bloom, 464 
bright-white 436 
crust, 465 
earthy, 465, 531 
glance, 436 
ochre, 464-5. 531 
oxide, black, 

531, 851 
ore, white, ^^.34 
red, 464, 465 
sulphate, 745 
tin- white, 434 
Coccolite, 682 
Col umbium oxide, 

841 
Colophonite, 603 
Columbite,532,841 
Copper, arseniate, 
450-454 
azure, 488 
black, 482, 524 
blue, 488 
carbonate, bine, 
488 
green. 489 
emerald, 487 
glance, 482 
green, 492 
grey, 449, 483 
antimonial,483 
argentif. 477 
arsenical, 483 
platinif. 488 
mica, 450 
muriate, 490 
native, 476 
nickel, 488 
ore. black, 482 
blue, 488 
grey, 488 

C C2 



Copper ore, pur- 
ple2 484 
variegated 484 
yellow, 481 
pitch, 492 
pyrites, 199, 481 
arsenical, 435 
purple, 484 
phosphate, 491 
red, 486 
ruby, 486 
sand, 490 
silicate, 487 
sulphate, 743 
sulphuret, black 
482 
grey, 449, 48$ 
yellow, 481 
vitreous, 482 
variegated, 484 
white, 485 
yellow, 481 
Corundum, 656 
common.656,807 
crys. red, 806 
perfect, 657 
variety, 658 
zinciferous, 818 
CrosS'Stone, 684 
Cryolite, 620 
Cube ore, 461 
Cyanite, 681, 818 
Cubicite, 638 
Cymophane, 659, 

812 
Datholite,196,606 
Diallage, green, 
590 
metalloide,677 
variety, 678 
Diamond, 413, 668, 

764, 882, 890 
Diaspore, 719 
Dichroite, 601 
Diopside, 686 
Dif^tase, 487 



S02 INDEX TO THE MIMBRALS. 

Dipyre, 684 e GabroDite, 684 h Honey-stone, 412 

Disthene, 661, 813 Gadolinite, 672, Hone, 616 
Dolomite, 656, 711 671, 836 Hollow spar, 699 

Drawing8late,646Gahnite,670 Hornblende, com- 

Dysodile, 407 Galena, 479 mon, 687 

Eaglestone, 612 pseuao, 628 basaltic, 678 

Barth foam, 660 e Garnet, argillace- Labrador, 674 
Ecume de mer, 738 oas, 660 slate, 689 

Elaolite. 684 dfiV6 black, 664 variety, 688 

£merala,699.685 common, 663 Homstone, 696 
Asiatic, 831 precioas, 660 slate, 696 

copper, 487 variety, 603 Hyacinth, 666 a 

of Pern, 778, 833 white, 717, 779, of Compostella, 
variety, 600 832 694 

Emery, 658 Gel|lenite, 680 Hyalite, 723, 824 

Epidote,673 Glaaberite, 764 Hydrargillite, 710 

variety, 676 Glauber-salt, 199, Hyperstene, 674, 
Epsom salt, 740 760 673, 816 

E;s8onite,665 Gold, graphic, 443 Iconite.800 

Euclaae, 662 glance, 443, 444 Iceland spar, 786 

False lazaUte^4& native, 473 Ichthvopbthal- 

Fahl ofe, 483 Graphic gold, 443 mite, 632 

Felspar, 606 ore, 443 Idocrase, 667 

eommon, 606 a tellnriom, 443 Indianite, 701 
disintegrated. Graphite, 196, 411 Indicolite, 668 
726 Green earth, 626 lolite, 601, 690 

glassy, 606 c Green sand of Iridium and os- 
infusible, 811 Pern, 490 mium, alloy of, 

Labrador, 606 ( Granmiatite, 671 472, 881 

opalescent, 606 ( Grenatite, 666 Iridium, granular, 
pyranudal, 684 Green flint, 698 880 

variety, 602 Grossular, 666 Iron, arseniate,461 
Fer sulpnur§ arse- Gypsam, 186, 199, arsenical, 433 
nif^re, 458 645 carbonate, 618 

Fetstein, 684 d anhydrous, 621 chromate, 647 

Fiorite, 736 Haematites, black, carburet, 883 

Fish-eye-stone632 619 -clay, 609 6 

Flint, 692, 829, 885 brown, 611 -flint, 694 

Flinty-slate^egO red, 609, 857 froth, 609 

vanety. 693 Harmotome,634 -glance, 609 
Flos fern, 651 Hauyne, 679 .h3rdrates.611 

Fluor-spar, 193, Heavy spar, 692 mica, 509 

597 Heliotrope, 691/ native, 470 « 

Fossil copal, 406 Hepatite, 592 h ore, atmosphe- 
P'uiier's earth, 651 Heulandite, 639 h rie, 860 

727 Uigih|SitoTe8in406 bog, 616 



INDEX TO THE MINERALS. 



SOS 



Iron ore, black^lQ Jasper, common. Lime, arseniate. 



blue,61T 702,776 

brown, 511 Jet, 401 
clay, 612-4 Kaolin, 726 
magnetic, 606 Karpholite, 623 
jaspery, 610 Ketton stone, 788 
Ridney, 600 Koupholite, 604 
pea, 616 Kyanite, 681 

pisiform, 615 Lapis lazuli, 614, 
pitchy, 626 8S6 

red, 609 calaminaris, 644 

sparry. 618 Latialite, 679 
tonedral, Laumonite, 6 



Iron, oc 
608 



640 



462 
borate, 606 
carbonate, 190, 

660, 785--788 
fluate, 697 
phosphate, 690, 

795-797 
pure, 766, 78S 
sulphate, 186, 
645 
anhydrous 621 
tnngstate, 646 



Laznlite, 614, 835 Limestone, Aber- 



oxide, 509. 867 false, 614 b 
oxyduiated, 606 Lead, arseniate, 



earthy, 608 
titanif. 508 

phosphate, 617, 
625 

pyrites, 199, 505 
arsenical, 458 

hepatic, 507 
magnetic, 504 
white, 606 

sand, 508 

-stone, clay, 512 
columnar, 513 



455,462 
black, 411 
carbonate, 493 
chloro-carbo- 

nate, 494 
chromate, 496 
glance, 479 
horn, 191, 494 
mol^bdate, 499 
muriate, 494 
murio-carbo- 

nate, 494 



lenticular, 514 phosphate, 495 
ma^etic, 505 sulphate, 497 



thaw, 560 h 
argillo-ferrugi- 

nous, 560 h 
bituminous,550^ 
conmion, 560 h 
compact, 650 A, 

789,7^ 
granular, 650^, 

706,794 
lias, 550 h 
magne8ian,666J 
primitive, 550^, 

790 
secondary, 550 h 



pisiform, 516 
black, 619 
specular, 500 
sulphate, 742 
sulphuret, 505 
tungstate, 526 
Iserine, 622 
Jade, 681, 679 
variety, 569 



Jargoon2655&,816Lemnian earth, 

Jasper, Egyptian, 651 b 

Lepidolite, 613 
Leuclte, 717, 779, 

832 
Lias, 560 A 



697,828 
opal, 722 
porcelain, 607 
ribbon. 702 b 
stripea, 70S b 



transition, 789 
tufaceous, 792 
sulphuret, 479 Liver pyrites, 507 

tnple, 447 Lithomarge, 728 
ore, blue, 480 Loadstone, 506 
corneous, 494 Lucullite, 650 n 
green, 495 Lydian stone, 60S 
white, 493 Lyncurium, 668 
red. 498 Made, 699 

yellow, 499 Madreporite, 550f» 
oxide, red, 600 Magnesia, borate. 

611 
carbonate, 710 

earthy, 738 
hydrate, 731, 799 
native, 731 
pure, 756, 796 



Lievrite, 683 



sulphate, 740 



ao4 
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Magnet, natiTe, 
506 

Magnetic pyrites, 
504 

Mairoesite, 710 

Malachite, 489 

MalacoUte, 686 

Maltha, 399 

Manganese, 
blende, 6S0 
carbonate. 543 
carburet, 850 
grey oxide. 849 
metanoidai ox- 
ide, 848 
ochre, 529 
ore, blacic, 519 

grey, 529 
phosphate, 525 
sulpbureL 580 
white, 543, 553 

Martial pyrites, 
• 505 

Marble, compact 
coloured. 706 
from Tlvoli^ 793 
Pompeii, 794 
Parian, 790 
statuary, 706 

Marie, 550 m 
sUte, 550 m 

Meadow-ore, 616 

Meerschaum, 736 

Meionite, 619 

Melaoite,564 

MelJite, 412 

Menaccanite, 621 

Menachanite, 521 

Meoilite, 720 

Mercury, argenti- 
feroas, 440 
corneous, 431 

carfoo.sulphu- 
ret, 4166 

liepatjc, 4a5 

horn, 191 746 



431,746 

native, 424 

sulphoret, ^6 

Mesolite, 641 d 

Mesotype, 641 



Mercury, muriate, Nickel, ochre, 502 
'*- """• oxide, 602 

pyrites, 438 
Nigrine, 538 
Nitre, 751 
,^ . Novaculite, 615 

Meteonc stones, Obsidian, 633 

pearly, 635 
Octohedrite, 523, 

535 
Oetites, 512 
OliTine, 683 
Onyx, 691 c 
Oolite, 650 I, 788 
Opal, 826 
cacholong, 725 
common, 725 
fire, 725 
jasper, 722 



860 
Mica, 626 
Miemite, 566 
Mineral, caout- 
chouc, 399 
carbon, 409 
oil, 398 
pitch, 899 
tar, 899 
Minium, native, 
500 



Mispickel, 438 

Mocha- stone, 601 f miric, 725 

Molybdena, 421, noble, 725 

845 precious, 725 

Molybdenum, sul- semi, 724 
phuret, 421, 845 wood, 724 
Moon-stone, 602 Orpiment, 427 
Morass-ore, 516 Osmium, 472, 8Q1 



Moroxite, 596 
Mountain cork, 
662 

blue, 488 

leather, 662 b 

soap, 649 

wood, 644 



Pagodite, 800 
Palladium, 471 
Paranthioe, 584 
Pea-stone, 550 k 
Pearl stone, 635 
Pearl spar, 557,705 
Pearl-smter, 736, 



Moller's glass, 72S 823 
Muriacite,621 Pechblende, 639, 
Mussite, 586 844 

Nagykerore.448 Peliome, 601 
Naphtha, 898 Pelium, 601 
Natrolite, 584 d Peridot, 6r2, 
Natron, 749 granular, 683 

Needlestone, 641 Peruvian emerald, 
NepheWiie, 687 778, 833 

Nep\itV\)e, ^\ ^^Ulite, 606 
NicWe\, Mafeift»«3L>V^\XQ\A>Msv.ta8 
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Phosphormangan, Quartz, common, Sardonyx, 691 d 

525 694 6, Sassolin, 747 

Pierre k fiisil, 692 fat, 694 b SaUo-spar, 650 c 



Pinite, 622, 704 
Pisolite, 550 k 
Pistacite, 573 
Pitch-blende, 539 

-ore, 539 
Pltchstone, 636 
Plasma, 698 



ferruginous 694& Saussurite, 569 

flinty, 691 Scalestone, H13 

milk, 694 b Scapolite, 584 

rose, 694 b Scoiezite, 641 b 

varieties, 687-8 Scbiefer spar, 550 & 

▼iolet, 694 c Schiller spar, 678 

Kealgar, 427 Scbistus, 628 



Platina, 469, 867 RedcUe, 509i Scborl,568 

Platinum, 469, 867 Resin-blende, 852 red, 669, 820 
Pleonaste, 660 Retinite, 636 Scheelin, per- 

Plumbago, 411, Retinaspbalt, 405 oxide, 846 

883 Rbsetizite, 681 fer.andmangan. 

Plutonium, oxide. Rhomb-spar, 556 oxide, 847 

837 Roe-stone, 550 t, Schorlite, 820 

Folyhallite, 624 711 Sea-foam, 738 

Ponderous spar, Rock- cork, 652 Sedative salt, 747 

592 crystal, 694 a, Selenite, 645 a 

Porcellanite, 607 755, 830, 899 Semi-opal, 724 

Porcelain earth, milk, 550 d Serpentine, 630, 

726 wood, 644 715, 803 

Potass, nitrate, 751 salt, 191 , 753 Shale, 629 
Fotstone, 703, 801 Roofing slate, 628 Silicium,peroxide, 
Pra8e,\687 Rottenstone, 629 821 

Prussian blue, 517 Rubellite, 669, 810 Silica, pure, 755, 
Prehnite,604 Ruby, Brazilian, 821 
Pseudo-galena, 763 hydrate, 823—9 

528 oriental, 656, Siberite,669 

657 6,806 
spinelle, 661 
Rutile, 537 



Pumice, 650 
Pycnite, 666, 820 
Pyrope, 561 

Pyrophy8alite,667 Rutilite, 536 
Pyroxene, 586 Sahlite, 585 

laminar, 585 

Quicksilver, na 

tive, 424 



horn, 431 
liver ore, 466 
hepatic, 466 
Quartz, 694 



Sal-ammoniac, 752 
Salt, common, 753 
Saltpetre, 751 
Santilite, 823 
Sapphire, 656, 

657 a, 805 
Sapphir d*eau, 601 



amorphous,694 b Sappare, 681, 813 
crystallized, 694 Sand tubes of j 

a, 830 DrigS, ^S2& 

coloured^ 694 ^c Sard, ^\ b 



Silver, amalgam, 
440 
antimonial, 442 
arsenical, 437 
sulphuretted, 
456 
bismuthic, 445 
black, 477 
carbonate, 478 
chloride, 485 

fiance, 439, 476 
orn, 191, 485 
muriate, 191, 485 
native^ 474 
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Silver ore, arseni- 
cal, 4S7 
comeoos, 485 
Krey,441,478 
gouty, 477 
▼itreoQS, 476 
Silrer, red, 456 
ruby, 456 
Bulpburet, 476 

brittle, 439 
white, 441 
Silvery cbalk,650« 
Sinter, siliceous, 
786 
opaline, 736 
pearl, 736 
Skolezite, 641 b 
Slate, clay, 629 
adhesive, 7S0 
flinty, 696 

variety, 698 
indurated, 696 
polishin^c, 735 
-spar, 550 6, 714 
Smaragdite, 590 
Soap-stone, 627 
Soda, borate, 748 
carbonate, 749 
muriate, 753 
sulphate, 750 
Sodalite, 718 
Sommite, 637 
Sphene, 536 
Sphragid, 651 h 
Spinel, 661, 817 
Spioelle ruby, 

661, 817 
Spinellane, 818 
Spinelle zincifere, 

670 
Spodumene, 570 
Stalactite, 550/ 
Staurolite, 665 
iStourotide, 665 
Steatite. 712 
Steiaheaite^ 601 



Stick-spar, 592 
StUbite, 639 
Stinkstone, 194, 

6S0h 
Stream tin, 501 
Strontian, carbo- 
nate, 555, 595 

sulphate, 594 
Strontianite, 555 
Strontian, 555 
Sulphur, 406 
Surturbrand, 400 
Swinestone, 550 h 
Sivamp ore^ 516 
Sylvan, native, 422 
Sylvanite, 422 
Sylvan ore, yel- 
low, 444 

black, 448 
Strontium, oxide, 

839 
Strontian eartk, 

839 
Tabular spar, 610 
Talc, 706, 802 

crystallized 708a 

massive, 706 b 

indurated, 706 c 

white, 707 
Talc chlorite, 625 
Tantalite, 532, 841 
Tantalium ore, 532 
Telesia, 657 
Tellurium, black, 
448 

graphic, 443 

native, 422 

yellow, 444 
Tennantite, 459 
Thallite,573 
Thomsonite, 641 h 
Thumerstone, 576 
Tile ore, 486 
Tin, granular, 501, 



oxide, MH^^^ 



Tin oxide, colum- 

biferous, 501 
Tin, pyrites, 627 
stone, 501, 856 
stream, 501 
sulphuret, 527 
wood, 501, 855 
Titanium,calc-sili- 
cate, 536 
ore, prismatic, 

536 
oxide, 843 
pyramidal ,535 
Tincal, 748 
Titanite, 535, 843 
Titanium, granu- 
lar oxide, 538 
ores, unmagnet- 
ical, 534 
magnetic, 520 
Topaz, 662, 819 

variety, 667, 7^ 
Touchstone, 693 
Tourmaline, 668 
black var. 568 
red variety, 669 
red Siberian,810 
Tremolite,571,580, 

709 
Triphane, 570 
Tripoli, 729 
Trona, 749 
Tufa, 550 
Tungsten, 546 
Tungstic acid, 846 
Turquoise, 719 
Turkey stone, 616 
Ultra-marine, 614 
Umber, 511 
Uranite, 640, 844 

sulphurated, 639 
Uranitic ore, 640 
Uranium, oxide, 
541,844 
hvdrate, 640 
l^hoephate, 540 
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Uranium, pro- Wood^bituminous, Cubicite, 638 

toxide, 639 400 HeaUndite,6395 

Uran-mica, 549 carbonated, 400 Harmotome, 634 
Uran-ochre, 541 coal, 400 Laomonite, 640 

Venetian talc, 708 iron, 857 Mesotype, 641 

Vesiivian, 567 opal, 724 Need lestone 641 

Vitriol, blue, 743 stone, 695 Prehnite, 604 

green, 742 tin, 855 Stilbite, 639 

red, 745 White pyrites, 506 Skolezite, 641 b 

'White, 744 Yenite, 583 Tbomsonite, 

Vivianite, 517 Ytterbite, 836 641 b 

Volcanic glass,633 Yttrocolumbite, Zinc-blende, 528 
Vulpinite, 621 533 Zinc, carbonate, 

Wack6, 609 Yttrotantalite, 533 544 

Wad, 529 Zeolite, cubic, 638 silicate, 545 

Wakke, 609 e£9ore8cent, 640 sulphate, 744 

Wavellite,719,809 foliated, 639 b sulphuret, 528 
Welch culm, 410 mealy, 641 c crystal. 852 

Wemerite, 584 b needle, 641 Zinciferous spi- 

Whetslate, 615 radiated, 639 nelle, 670, 818 

Witherite, 554, 593 Zeolitic minerals : Zircon, 655, 816 
Wolfram, 526, 847 Analcime, 638 Zirconite, 655 c 
Wood asbestus, Chabasite, 616 Zoisite, 575, 676 
644 Cross-stone, 634 



III. INDEX TO THE PLATES. 

Fig. 1. The Common Blowpipe, described at paragraph 29 

— 2» 3, 4, 5. Bergman's Blowpipe, SI 
~ 6. Magellan's Blowpipe, 32 

— 7, 8. Gahn's Blowpipe, 36 

— 9, 10, 11. Wollaston's Blowpipe, 38 

— 12. Tennant's Blowpipe, 37 

— 18. Pepys's Blowpipe, 39 

— 14. Black's Blowpipe, 40 

— 16, 16, 17, 18. TiUey's Blowpipe. 46 

— la Lamp Wire, 50 

— 20. Hooke's Blowpipe, 43 

— 21. Clarke's Blowpipe 71 

— 22, 23. Gurney's Blowpipe, 76 

— 24. Wilkinson s Safety Chamber, 78 

— 25. Cumming's Safety Cylinder, 71 

— 26. The Fixed Blowpipe, 42 

— 27. Glass- Blower's and Laboratory Blowpipe, 43 
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MB IWDBX TO TRB PLATKff. 

^ 80. Knife ftr Cnttliiff Gkn, 60, IIS 
<- 81, 88. OlMi-Blow«Pt Tongiy 60 
^ 88. liittp Sonmi, 61 

— 84. Brwt Rod, 08 

— 88. l>littlnBm Win, 100 

— 88. MitTOTi. 106 

<- 8r» 88. AmIHqii to tho Table Lamp-FanuM^ 118 
~ 88. Amkf Tnbo, 105 
^ 48. MifMtio Noidla, 117 
^ 41. iW«*t Forot|M, 108 

— 1% 48. ImwnrnArmn&ft, 107 
<- 44. BlowplM Spoon, 98 

— 48. OUm Holdor, 180 
^ 48. Hammer. 100 

^ 47. Bergman^e Iron Ring, 110 
^- 48. Stketroeoope, 116 

^ 48. Apparatntfor l>eleetiiif Small Degreee of Mm- 
oeUm, 118 

— M>. Common Feroepe, 180 

— 61. Valfofor the Cheap Teble Blowpipe, 900 ^ 



THE END. 
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